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This report was written primarily for the use of the United States Strategic 
Bombing Survey in the preparation of further reports of a more comprehensive 
nature. Any conclusions or opinions expressed in this report must be con- 
sidered as limited to the specific material covered and as subject to further 
interpretation in the light of further studies conducted by the Survey. , 

This document contains information affecting the national defense of the 
United States within the meaning of the Espionage Act (50 U.S.C. 31 and 32), 
as amended. Its transmission or the revelation of its contents in any manner 
to an unauthorized person is prohibited by law. 

This report will not be reproduced in whole or in part or distributed to any 
agency or person other than those to whom original distribution is made without 
the approval of The Director of Central Intelligence, Washington, D. C. 


FOREWORD 


The United States Strategic Bombing Survey 
was established by the Secretary of War on 3 
November 1944, pursuant to a directive from the 
late President Roosevelt. Its mission was to 
conduct an impartial and expert study of the 
effects of our aerial attack on Germany, to be used 
in connection with air attacks on Japan and to 
establish a basis for evaluating the importance 
and potentialities of air power as an instrument of 
military strategy for planning the future develop- 
ment of the United States armed forces, and for 
determining future economic policies with respect 
to the national defense. A summary report and 
some 200 supporting reports containing the 
findings of the Survey in Germany have been 
published. 

On 15 August 1945, President Truman requested 
that the Survey conduct a similar study of the 
effects of all types of air attack in the war against 
Japan, submitting reports in duplicate to the 
Secretary of War and td the Secretary of the 
Navy. The officers of the Survey during its 
Japanese phase were: 


Franklin D’Olier, Chairman. 

Paul H. Nitze, Henry C. Alexander, Vice 
Chairmen. 

Harry L. Bowman, 

J. Kenneth Galbraith, 

Rensis Likert, 

Frank A. McNamee, Jr., 

Fred Searls, Jr., 

Monroe E. Spaght, 

Dr. Lewis R. Thompson, 

Theodore P. Wright, Directors. 

Walter Wilds, Secretary. 


The Survey’s complement provided for 300 
civilians, 350 officers, and 500 enlisted men. The 


—e 


military segment of the organization was drawn 
from the Army to the extent of 60 percent, and 
from the Navy to the extent of 40 percent. Both 
the Army and the Navy gave the Survey all possi- 
ble assistance in furnishing men, supplies, trans- 
port, and information. The Survey operated 
from headquarters established in Tokyo early in 
September 1945, with subheadquarters in Nagoya, 
Osaka, Hiroshima, and Nagasaki, and with mobile 
teams operating in other parts of Japan, the 
islands of the Pacific, and the Asiatic mainland. 

It was possible to reconstruct much of wartime 
Japanese military planning and execution, engage- 
ment by engagement, and campaign by campaign, 
and to secure reasonably accurate statistics on 
Japan’s economy and war production, plant by 
plant, and industry by industry. In addition, 
studies were conducted on Japan’s over-all stra- 
tegic plans and the background of her entry into 
the war, the internal discussions and negotiations 
leading to her acceptance of unconditional sur- 
render, the course of health and morale among the 
civilian population, the effectiveness of the 
Japanese civilian-defense organization, and the 
effects of the atomic bombs. Separate reports will 
be issued covering each phase of the study. 

The Survey interrogated more than 700 Japa- 
nese military, government, and industrial officials. 
It also recovered and translated many documents 
which not only have been useful to the Survey, but 
also will furnish data valuable for other studies. 
Arrangements have been made to turn over the 
Survey’s files to the Central Intelligence Group, 
through which they will be available for further 
examination and distribution. 
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REFERENCE TABLES 


TYPES OF DAMAGE 


Damage to Buildings, Industrial and Domestic 


a. Structural—Damage to principal load-carry- 
ing members (trusses, beams, columns, load-bear- 
ing walls, floor slabs in multistory buildings) re- 
quiring replacement or external support during 
repairs. Light members such as purlins and raft- 
ers are not included. 

b. Superficial—Damage to purlins and other 
light members stripping of roofing and non-load- 
bearing exterior walls. Damage to glass and in- 
terior partitions not included. 


Damage to Machinery, Utilities and Equipment 


a. Total—Not worth repair. 

b. Heavy.—Requiring repair beyond capacity of 
normal maintenance staff; usually returned to 
manufacturer. 

ec. Slight—vequiring repair within capacity of 
normal maintenance staff. 

Damage to Contents Other than Machinery and 
Equipment 


a. Total—Not usable. 
b. Other.—Usable if reprocessed or repaired. 


TasLeE A.—Building types or classifications 


[Tables A and B from Joint Target Group] 


Group 


Type 


symbol Description 


A. Single-story, no traveling | 1. 
cranes, Spans generally less 
than 75 feet, heights at 
eaves generally less than 25 
feet, area of 10,000 square 
feet or more. 


roofs. 


B. Single-story with traveling | 1. 
cranes; any length of span; 
area of 10,000 square feet 
or more. ; 


Buildings 
heavy cranes. 


cranes. 
C. Single-story; no traveling | 1. 
crane runways; spans great- 
er than 75 feet; height at 
eaves generally greater 
than 25 feet; area of 10,000 
square feet or more. 


in two directions. 


With saw-tooth roofs__ 


Without saw-tooth 


housing 


Buildings housing light 


Main frame members 


2. Main frame members 
in one direction only. 


3. Shell-type construc- 


tion. 


Al.1 | All buildings of this group with saw-tooth roofs 
other than those included in types A1.2, A1.3, 
and A1.4. 

Frame and roof slab of monolithic reinforced 
concrete. 

Exposed top chords of trusses. 

Stressed-skin type of reinforced concrete (e. g., 
Zeiss Dywidag). 

Simple beam and column. 

Arches and rigid frames. 

Truss construction. 

Frame and roof slab of monolithic reinforced 
concrete. 

Stressed-skin type including concrete shell. 

Buildings containing runways for heavy cranes 
(capacity 25 tons or more); height at eaves 
generally more than 30 feet. 

reper in this group other than those in 

I. 

Roof trusses supported along one side of building 
by long span trusses and along other side by 
columns. Permits large door along one side 
and at ends. 

Continuous trusses in one or two directions; long 
span in one direction, supported by columns 
or exterior walls and by internal columns. 

Exposed chord saw-tooth roof buildings; exposed 
chord trusses supporting major size trusses at 
90°. One or both truss systems may be of 
long span. 

Diamond mesh arch. 

Long-span arches, individually supported along 
sides of building. May be arranged in multi- 
ple spans joined along side. 

Long-span, triangular or bowstring trusses, indi- 
vidually supported by columns at sides of 
building. May be arranged in multiple spans 
joined along side, using common columns. 
Roof pitch exceeds 2 in 10. 

Long-span trusses, top cord of pitch 2 in 10 or 
less, including exposed cord saw-tooth roofs, 
individually supported by columns along sides 
of building. May be arranged in multiple 
spans using common columns or may be con- 
tinuous over internal columns. 

Stressed-skin including concrete shell construc- 
tion. 


C2.3 


C3 


Tacte A.—Building types or classifications—Continued 


(Tables A and B from Joint Target Group] 


Group 


Type 


symbol Description 


DSc Allesinge-s,ory: iDUIGINGS Ol |. soe Ok ee ee See 


less than 10,000 square feet 
plan area. 
). Multistory frame buildings _- 


— 
= 


| 


’. Multistory, wall-bearing build- |__-.__..-.------- 
ings (may have internal 
columns). 


S. Special structures_-__.---..-}--~- 


D | This type covers all single-story industrial 

buildings, regardless of type of construction if 

under 10,000 square feet in plan area. 

E1 | Earthquake-resistant; extremely heavy steel re- 

inforced-concrete, multistory construction, de- 

signed to resist heavy lateral loads. 

2 | Structures in this group other than those in E1. 

Fl | Earthquake-resistant, wall-bearing construction 
(walls of brick reinforced concrete, or very 
massive masonry). 

F2 | Structures in this group other than those in F1. 

S | Coke ovens, test cells, fuel storage, boilers in 


.power plants, ete. 


Taste B.—HE vulnerability classes 


HE vulner- 


aiiibe divas Substructural groups (Symbols refer to Table A) 


HE vulner- 


ability class Substructural groups (Symbols refer to Table A) 


fs oe El. 
Up ee ee Bl, B2. 
gs epee eo abe le 
7 ees F2. 


1 See es Al.1,-A1.2,,A1.3, A2.1, A2.2, A2.3, A2.4, D. 
be cs ee ee C1.2, C1.3, C1.4, C2.3. 
Vou. 222] AVS, A255, Cl.1; C2.1; 02.2, Cs 


FIRE CLASSIFICATION—BUILDINGS 
AND CONTENTS 


C—Combustible: Buildings whose roofs and/or 
walls are constructed of combustible 
material. The floors (except the ground 
floor) are required to be of similar construc- 
tion. Wood-frame buildings with noncom- 
bustible sheeting on roof and/or walls are 
also included in ‘“‘combustible”’ class. 

N-—Noncombustible: Buildings which have no 
significant amount of combustible material 
in the structure, but whose structure is 
susceptible to damage by fire in the con- 
tents. An example of this type is a build- 
ing with exposed steel members which may 
be warped irreparably by the heat of a fire. 


Roofs of this type are corrugated asbestos 
corrugated iron, pre-cast or pour-in-place 
cement or gypsum on exposed steel and 
reinforced concrete 2-inches thick or less. 

R—Fire-resistive: Buildings which have no signi- 
ficant amount of combustible material in 
the structure and which will withstand all 
but the most intense fire without structural 
damage. Roofs and floors (other than 
ground) should be of concrete more than 
215-inches thick, and the steel frame should 
be protected and not subject to ordinary 
fire damage. 

Cand N, Nand R or Cand R used where above 
types are combined in a single fire division. 


Object of study 
Summary - - _ 
General _ _ Spaeth a Waa) tape 
Analysis of damage___________- 


Machine tools in wood-frame buildings ~___--------- ~~ 
Machine tool damage in steel-frame buildings 
Machine tools in load-bearing, brick-wall buildings _ _ - 


Mean areas of effectiveness 
Conelusions and reeommendations 


Photos 1-23, inclusive. 
Figures 1-38, inclusive. 
Table 1. 


SECTION XI 
DAMAGE TO MACHINE TOOLS 


1. Object of Study 


The object of this machine tool study was to 
determine the extent of, and to analyze the factors 
involved in, the damage to machine tools by blast, 
debris, fire, and exposure to weather resulting 
from the explosion of the atomic bomb in Hiro- 
shima on 6 August 1945. 


2. Summary 

a. General. The major industrial plants of 
Hiroshima were located about 1144 miles from the 
heart of the city and no damage was done to ma- 
chine tools in them. Numerous small engineering 
shops, principally light ones containing two to 
forty machine tools, were located within the area 
seriously affected by blast and fire. Although the 
number was small, all machine tools within 3,500 
feet of ground zero (GZ) were seriously damaged, 
principally by fire. Except in four unburned 
shops, all machine tools throughout the 4.4-square- 
mile, burned-over area were seriously damaged by 
fire after sustaining not more than 15 percent seri- 
ous damage by debris. Serious damage to ma- 
chine tools in excess of 15 percent was caused by 
debris in only one unburned shop, which was 
within the burned-over area. Debris and weather 
caused only slight damage to machine tools out- 
side the burned-over area. 

b. Scope of Report. Machine tools in 19 one- 
story buildings (11 wood-frame, 5 steel-frame, 
and 3 load-bearing, brick-wall structures), all of 
which were combustible except one, were included 
in this study. There were no multistory or rein- 
forced-concrete machine shop buildings. Four of 
the 19 buildings were outside the burned-over area 
and were unburned, but were within 7,600 feet of 
GZ. Fifteen of the buildings sustained structural 
damage, mainly 100 percent. The high-explosives 
vulnerability of all buildings was V4 (reference 
tables). 

ce. Wood-Frame Buildings. Debris caused total 
or heavy damage to only 3 percent of the machine 
tools in wood-frame buildings although 64 percent 
of the total floor area was structurally damaged by 
blast. Wood-frame buildings which were col- 
lapsed by blast apparently fell as units with ap- 
preciable lateral motion, and as a result compara- 
tively few machine tools were seriously damaged 
by debris. Serious damage by debris resulted 
mainly from overhead shafting and pulleys crash- 
ingdown. <A few machines were slightly damaged 
when overturned by mass movement of the build- 


ing frames. Fire was the principal cause of seri- 
ous damage to machine tools in wood-frame 
buildings. Seven of the 11 buildings were burned 
and all their machine tools were seriously damaged. 
Serious damage by fire resulted because of the com- 
bustibility of the buildings and their contents, and 
the congested areas in which they were located. 

d. Steel-Frame Buildings. 
serious damage to machine tools in steel-frame 
buildings although 42 percent of the total floor are¢ 
was structurally damaged by blast because the blast 
‘aused mass distortion of the steel frames without 
tearing loose heavy structural members ; moreover, 
wall and roof sheathing debris was light. Fire 
was the only cause of serious damage to machine 
tools in five steel-frame building, four of which 
were combustible. Three buildings were burned 
out and all their machine tools were seriously dam- 
aged because of the combustibility of building 
materials and contents and the congested areas in 
which the buildings were located. 

e. Load-Bearing, Brick-Wall Buildings. Debris 
caused serious damage to only 5 percent of the ma- 
chine tools in load-bearing, brick-wall buildings 
although 30 percent of the total floor area was 
structurally damaged. Two of the buildings sus- 
tained structural damage, but serious damage to 
machine tools occurred in only one because, by 
chance, there were no machine tools near the brick 
wall which was collapsed inward. One of the 
three load-bearing, brick-wall buildings was 
burned out and all its machine tools were seriously 
damaged because of the combustibility of building 
materials and contents and the congested area in 
which the building was located. 

f. Weather Exposure. Exposure to weather 
caused slight damage to machine tools in buildings 
which were blast damaged but had no fire, and in- 
creased the degree of damage to machines which 
had already sustained heavy damage by fire. 
Rusting apparently was more severe on fire-dam- 
aged machine tools because all lubricants and 
paint had been burned off. 

g. Mean Areas of Effectiveness (MAE). The 
number of machine tools in various types of build- 
ings in the blast-affected area was much too small 
to permit calculation of reliable MAE’s (Mean 
areas of effectiveness) for serious damage by blast 
and debris. The MAE for serious damage to 
machine tools by fire in combustible buildings was 
virtually the 4.4-square-mile, burned-over area of 
the city. 


Debris caused no 


h. Poor target. The central portion of Hiro- 
shima was a poor target for the atomic bomb from 
the standpoint of damage to machine tools because 
all large industrial plants were located on the 
outskirts. 

i. Blast Versus Fire and Structural Damage. 
The total amount of serious damage to machine 
tools by blast and debris was small compared to 
serious damage by fire, and also compared to the 
structural damage by blast to the buildings in 
which they were housed. 

j. Damage by Fire. Serious damage to machine 
tools by fire was primarily a result of the com- 
bustibility of the buildings in which they were 
housed. It is doubtful that fire would have caused 
serious damage generally to machine tools in mod- 
ern noncombustible or fire-resistive buildings, of 
which there were none housing machines in the 
burned-over area. 

kh. No Blast Walls. There were no special walls 
around machine tools for protection against frag- 
mentation, debris, and blast effects of high-explo- 
sive bombs. 

1. Suppositions. The atomic bomb made no 
crater and evidently caused no earth shock. If an 
atomic bomb were detonated on or very near the 
ground, it is believed that all exposed precision 
machine tools within several hundred feet in all 
directions from the point of detonatioin would be 
totally or heavily damaged by the combined effects 
of cratering, earth shock, blast debris, and intense 
heat. 

m. Protective Measures. The blast and debris 
hazard to machine tools can be most effectively 
limited by installing them in reinforced-concrete 
buildings of adequate strength and design to with- 
stand the blast pressures of an atomic bomb, or by 
placing them in underground structures. Another 
alternative would be to install machine tools in 
steel-frame structures sheathed with a frangible 
material such as thin corrugated asbestos. The 
fire hazard to machine tools can be effectively 
limited by installing them in fire-resistive or non- 
combustible buildings containing a minimum of 
combustible contents. Most of the weather dam- 
age to machine tools could have been prevented by 
greasing or otherwise protecting them within the 
first few days after the atomic-bomb attack. 


3. General 

The major industries of Hiroshima were located 
on the south and southeastern outskirts of the city 
about 1144 miles from ground zero (GZ). The 


buildings themselves were practically unaffected 
by the atomic bomb which detonated over the heart 
of the city, and no damage was done to machine 
tools in them. Located within the area seriously 
affected by blast and fire were numerous small, 
light engineering shops and a few small, heavy 
engineering shops containing 2 to 40 machine tools. 
These small shops were engaged in the manufac- 
ture of products such as shell cases, fuses, pumps, 
gauges, gears, and torpedo parts. With few ex- 
ceptions the plants were producing for the mili- 
tary. The machine tools were principally lathes, 
drill presses, shapers, and boring, grinding, shear- 
ing, pressing, and stamping machines, 


4. Analysis of Damage 

Machine tools in 19 one-story buildings, loca- 
tions of which are shown on Figure 1, were in- 
cluded in this study. Eleven of the buildings 
were wood-frame (Photos 1-13), five were steel- 
frame (Photos 14-19), and three were load- 
bearing, brick-wall structures (Photos 20-23). 
All wood-frame machine shops which were within 
the blast-affected area and not burned and a few 
typical wood-frame machine shops which were 
burned were included in the study. All steel- 
frame and load-bearing, brick-wall buildings con- 
taining machine tools in the blast-affected area 
were included in the study whether burned or not. 
There were no multi-story or reinforced-concrete 
buildings containing machine tools. <All the 
buildings housing machine tools were combustible 
except one steel-frame corrugated-iron-sheathed 
building. Four of the nineteen buildings were 
outside the 4.4-square-mile burned-over area and 
were unburned, but were within 7,600 feet of GZ. 
An additional four buildings which were within 
the burned-over area were unburned. Twelve of 
the buildings sustained 100 percent structural dam- 
age, three sustained 18, 47, and 77 percent struc- 
tural damage, respectively, and four sustained 
none. All machine-tool data have been listed in 
Table 1 and summarized graphically in Figure 2, 
including data on the buildings in which the ma- 
chine tools were housed. Damage to machine tools 
has been classified in three categories: (1) total 
damage (TD)—damage which caused scrapping ; 
(2) heavy damage (HD)—damage which could 
not be repaired by the normal maintenance staff; 
and (3) slight damage (SD)—damage which 
could be repaired by the normal maintenance staff, 
Damage to machine tools was caused by debris, fire, 
or subsequent exposure to weather. No instances 
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of direct damage by blast were observed, although 
a few cases of slight damage were attributable to 
displacement of overhead shafting and belting. 
In Table 1, all damage attributable to debris has 
been recorded, but damage caused by subsequent 
fire and weather effects has been recorded only 
when the damage was more severe than the cate- 
gory of damage by debris. For example, when 
machines which were heavily damaged by debris 
were subsequently heavily damaged by fire, but not 
totally damaged, the damage was tabulated in the 
heavy-damage-by-debris category; and when ma- 
chines which were heavily damaged by fire were 
subsequently slightly or heavily damaged by ex- 
posure to weather, the damage was tabulated in the 
heavy-damage-by-fire category. The high-explo- 
sive vulnerability of all buildings was V4 (refer- 
ence tables) since all were one-story, shed-type 
structures and the area of each, with the exception 
of one, was less than 10,000 square feet. The rela- 
tionship between machine-tool damage and build- 
ing structural and fire damage is summarized 
graphically in Figure 3. 


5. Machine Tools in Wood-Frame Buildings 
a. Debris. Debris caused only a small amount 
of total or heavy damage to machine tools in wood- 
frame buildings. Although 7 of the 11 wood- 
frame buildings were 100 percent and 1 was 77 
percent structurally damaged by blast, only 5 to 
15 percent of the machine tools in 4 of these 
buildings were seriously damaged by debris. The 
apparent reason for the small amount of debris 
damage to machine tools was that, except close to 
GZ, the blast collapsed wood-frame buildings prac- 
tically as units with lateral motion because of the 
instantaneous equal pressure exerted against the 
entire side facing the blast. Asa result, the debris 
did not crash down hard but tended to slide across 
the tops of machines instead (Photos 4,9, and 11). 
Serious damage which was caused by debris re- 
sulted mainly from heavy overhead shafting and 
pulleys striking the machines (Photos 1, 2, 5, and 
8). A few machines were partly or completely 
overturned by mass movement of the buildings 
(sometimes possibly assisted by the belts from 
overhead pulleys which moved with the building 
frame), but only slight damage was done to a few 
machines (Photos 2, 6, and 10). Sixty-four per- 
cent of the total floor area of the wood-frame 
buildings was structurally damaged by blast as 
compared to only about 3 percent serious damage 
to machine tools by debris, although total serious 


dlamage to machine tools by all causes was 41 per- 
cent (Fig. 3). 

b. Fire. Fire was the principal cause of serious 
damage to machine tools in wood-frame buildings, 
accounting for 38 percent of the total number 
(lig. 3). Seven of the 11 buildings studied were 
completely burned, and all of their machine tools 
were seriously damaged (Photos 1, 2, 5, 6, 7, 8, and 
13). As shown in Figure 3, the total percent of 
machine tools seriously damaged (41 percent) was 
equal to the percent of the total floor area burned. 
Although 3 percent of the machine tools were 
totally or heavily damaged by debris, subsequent 
fire also damaged them, increasing the degree of 
damage. All machine tools in wood-frame build- 
ings which burned sustained serious damage be- 
‘ause, in addition to the frame, most floors and 
wall and roof sheathing were combustible, roof 
heights were generally low, and in most cases the 
walls or roofs were partly or completely collapsed 
placing the combustible debris close to the con- 
tents. In addition, the buildings had some com- 
bustible contents and were located in congested, 
combustible areas where all surrounding buildings 
burned, causing a generally high temperature in 
the area. 

ce. Weather. Most machine tools in structurally 
damaged and some in superficially damaged wood- 
frame buildings were exposed to the elements and 
in most cases no attempt was made to protect them, 
except that a few machines were protected with 
grease or sheets of corrugated iron (Photos 9 to 
11). Rusting apparently was more severe on ma- 
chine tools which had been exposed to fire, prob- 
ably because all lubricants and paint had been 
burned off. Exposure to weather increased the 
degree of heavy damage to machine tools in burned 
buildings, and caused slight damage in_blast- 
damaged buildings. 


6. Machine Tool Damage in Steel-Frame 
Buildings 

a. Debris. Debris was not the cause of total or 
heavy damage to machine tools in. steel-frame 
buildings, although 2 of the 5 buildings of this type 
sustained 100 percent and two sustained 18 and 47 
percent structural damage, respectively. The other 
building had light corrugated-asbestos wall sheath- 
ing which crumbled under the blast, and the steel 
frame was only superficially damaged although it 
was only 3,300 feet from GZ (Photo 17). ‘There 
was no serious damage to machine tools in struc- 
turally damaged buildings because the blast caused 
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mass distortion of the steel frames without tearing 
loose heavy structural members, and wall- and 
roof-sheathing debris was too light to cause more 
than slight damage, and then only to machine tools 
in buildings relatively close toGZ. A few machine 
tools were partly overturned by mass movement of 
building frames (Photos 15 and 16). Forty-two 
percent of the total floor area of the five steel-frame 
buildings was structurally damaged by blast as 
compared to 28 percent serious damage to machine 
tools, none of which was caused by debris (Fig. 3). 

b. Fire. Fire caused all serious damage to ma- 
chine tools in the five steel-frame buildings, four 
of which were combustible and the other noncom- 
bustible. Three of these buildings, including the 
noncombustible one, were completely burned out 
(Photos 14-17). All machine tools were totally or 
heavily damaged in the burned buildings, the per- 
centage of machine tools seriously damaged (28 
percent) being equal to the percentage of floor area 
involved by fire (Fig. 3). Serious fire damage to 
machine tools resulted in the combustible buildings 
because floors and wall and roof sheathing were 
combustible; combustible debris was blown onto 
and around the machines; some of the contents 
were combustible; and the buildings were located 
in congested, combustible areas which were com- 
pletely burned over. The machine tools in the 
noncombustible building were heavily damaged 
because the floor and some contents were combus- 
tible and exposing buildings burned close by on two 
sides. 

c. Weather. Exposure to weather was the cause 
of slight damage to machine tools in two steel- 
frame buildings which had no fire (Photos 18 and 
19), and increased the degree of damage to ma- 
chine tools which had been heavily damaged by 
fire. As in wood-frame buildings, rusting of ma- 
chine tools was much more severe in buildings 
which had burned than in ones which had been 
only blast damaged. Machine tools in these build- 
ings were not given a coating of grease or otherwise 
protected from weather after the attack. 


7. Machine Tools in Load-Bearing, Brick-Wall 
Buildings 

a. Debris. Debris caused total or heavy damage 
to machine tools in only one of 3 buildings with 
load-bearing brick walls, accounting for only 5 
percent of all machine tools in this type of build- 
ings as compared to 23 percent total or heavy dam- 
age by fire (Fig. 3). This building and another 
one sustained complete structural damage by blast 
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whereas the third sustained neither structural nor 
superficial damage. Thirty percent of the total 
floor area of the 3 buildings was structurally dam- 
aged. In the building in which total and heavy 
damage to machine tools occurred the brick wall 
which faced the blast and the steel roof trusses 
collapsed onto the machinery (Photo 20). Simi- 
larly, in the other building 100 percent structurally 
damaged by blast, the brick wall which faced the 
blast and the steel roof trusses were collapsed into 
the building (Photo 22), but, by chance, no ma- 
chine tools were located close to the wall so the 
brick debris caused no damage. The steel trusses, 
which had lateral motion because the brick sup- 
porting walls collapsed away from the blast, came 
to rest on some presses but caused only slight 
damage (Photo 21). 

b. Fire. Only one of the three load-bearing, 
brick-wall buildings had fire. This building was 
completely burned out and all the machine tools 
were totally or heavily damaged by fire alone, al- 
though the building was 100 percent structurally 
damaged by blast (Photos 21 and 22). The rea- 
sons for the serious damage to machine tools by fire 
were that the roof was completely collapsed, plac- 
ing the wood-sheathing debris close to the machine ; 
some of the contents were combustible; and: the 
building was located in a congested, combustible 
area which was completely burned over. 

_¢. Weather. Exposure to weather was the cause 
of slight damage to some machine tools in two 
load-bearing, brick-wall buildings which had no 
fire, and it increased the degree of damage to 
machines which had been heavily damaged in the 
building which burned. As in other types of 
buildings, rusting of machine tools was more se- 
vere in the building which burned than in the two 
which did not. No effort was made to protect the 
machine tools from the elements after the atomic- 
bomb attack. 


8. Mean Areas of Effectiveness 

a. Blast and Debris. The number of machine 
tools in various types of buildings (one-story 
wood-frame, steel-frame, and load-bearing, brick- 
wall structures) in the blast-affected area was 
much too small to permit calculation of reliable 
MAE’s for serious damage (total or heavy) by 
blast and debris caused by detonation of the atomic 
bomb. Based upon observations in a few build- 
ings, apparently blast and debris were most effec- 
tive in causing serious damage to machine tools in 
load-bearing, brick-wall buildings, and least effec- 


tive in steel-frame buildings. There were no 
machine tools in multistory buildings or in rein- 
forced-concrete buildings. 

b. Fire. The MAE for total or heavy damage 
to machine tools by fire in combustible buildings 
(one-story wood-frame, steel-frame, and load- 
bearing, brick-wall structures) was virtually the 
4.4-square-mile area of the city which was burned, 
the radius of the MAE being about 6,250 feet. 
Only 4 buildings, all of which were combustible, 
containing machine tools within the burned-over 
area were not.burned. There were machine tools 
in only one very small noncombustible building 
within the burned-over area. Although fire 
caused serious damage to the two machine tools in 
this building, it is doubtful that fire would have 
‘aused serious damage generally to machine tools 
in modern, noncombustible or fire-resistive ma- 
chine shops, since serious fire damage to machine 
tools is dependent primarily upon the combusti- 
bility of the buildings in which they are housed. 


9. Conclusions and Recommendations 

a. The city of Hiroshima was a poor target for 
the atomic bomb from the standpoint of damage 
to machine tools because of the absence of con- 
centrations of machine tools in the central part 
of the city. All large industrial plants were lo- 
cated peripherally on the south and southeastern 
outskirts of the city and were practically unaf- 
fected by the explosion of the atomic bomb. 

b. The atomic bomb caused a small amount of 
serious damage to machine tools by blast and 
debris as compared to fire in one-story wood- 
frame, steel-frame, and load-bearing, brick-wall 
buildings (Fig. 3). ‘There were no machine tools 
in multistory buildings or in reinforced-concrete 
buildings. 

e. Only 3 percent of the machine tools in the 19 
buildings of all types studied sustained serious 
damage by blast and debris, whereas the same 
buildings sustained 47 percent structural damage 
by blast. 

d. Machine tools in steel-frame, lightly sheathed 
buildings are least likely to be seriously damaged 
by blast and debris, and in load-bearing, masonry- 
wall buildings are most likely to be seriously 
damaged (Fig. 3). 

e. In wood-frame buildings, serious damage by 
debris appeared to have been caused mainly by 
overhead shafting and pulleys crashing down 
upon the machine tools. In view of the probabil- 
ity that belts from overhead shafting overturned 
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or assisted in overturning machines, it is apparent 
that overhead shafting and other heavy equipment 
should be eliminated from buildings which are 
susceptible to mass distortion or collapse by blast. 

7. Machine tools were overturned by mass move- 
ment of building frames, sometimes aided by belts 
from overhead shafting, because the machines 
were insecurely bolted to foundations, or founda- 
tions were light and were lifted by the machines. 
However, only slight damage was caused to the 
machine tools overturned, probably because the 
floors were wood or earth. Some heavy damage 
probably would have resulted if floors had been 
concrete, 

6. The number of machine tools in various types 
of buildings within the blast-affected area was too 
limited to warrant calculation of MAE’s for total 
or heavy damage by blast and debris. 

h. The blast and debris hazard to machine tools 
“an be most effectively limited by installing them 
in reinforced-concrete buildings of adequate 
strength and design to withstand the blast pres- 
sures of the atomic bomb, or by placing them in 
underground structures. Another alternative 
would be to install machine tools in steel-frame 
structures sheathed with a frangible material such 
as thin, corrugated asbestos. 

7, The extent of damage which would be wrought 
upon machine tools by an atomic bomb detonated 
on or very near the ground is a matter of con- 
jecture. The bomb detonated at Hiroshima made 
no crater and evidently caused no earth shock. If 
an atomic bomb were detonated on or very near 
the ground, it is believed that all exposed precision 
machine tools within several hundred feet in all 
directions of the point of detonation would be 
totally or heavily damaged by the combined effects 
of cratering, earth shock, blast, debris, and intense 
heat. 

j. There were no special walls around machine 
tools for protection against fragmentation, debris, 
and blast effects of high explosive bombs. Al- 
though such protective walls constructed of loose 
bricks were found to have been very effective 
against high-explosive bombs in Europe, it is 
believed that they would have been generally inef- 
fective against the action of the atomic bomb in 
Hiroshima for several reasons. In the first place, 
there was apparently no fragmentation hazard 
from the atomic bomb ; secondly, mass distortion of 
building frames occurred instead of individual 
members being torn loose and blown through the 


air by blast; thirdly, because of the high air burst 
of the atomic bomb, blast walls would not have 
shielded machine tools near GZ, and would have 
shielded them farther away from GZ only if the 
walls were as high or higher than the machines. 
Blast walls might have prevented some damage to 
machine tools in wood-frame and load-bearing, 
brick-wall buildings by protecting the machine 
tools from collapsing trusses, overhead shafting 
and brick walls, but on the other hand, debris from 
the protective walls themselves might have aug- 
mented damage. 

k. The atomic bomb was effective in causing se- 
rious fire damage to machine tools in wood-frame, 
steel-frame, and load-bearing, brick-wall build- 
ings. However, its efficiency on this score was 
attributable to the combustibility of the city as a 
whole and the buildings in which the machine 
tools were housed more than to the heat of the 
bomb itself. Machine tools were not damaged by 
flash heat from the bomb. 

/, The percentage of serious damage to machine 
tools was closely related to the percentage of floor 
area involved by fire in the buildings in which they 
were housed (Fig. 3), all of which were combus- 
tible except one small noncombustible shop. It is 
doubtful that fire would have caused serious dam- 
age generally to machine tools in modern, non- 
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combustible or fire-resistive machine shops. 

m. All machine tools, although the number was 
small, were totally or heavily damaged within 
3,500 feet from GZ (Fig.2). All buildings within 
this distance from GZ were gutted by fire which 
was the principal cause of serious damage to 
machine tools. 

n. The MAE for total or heavy damage to ma- 
chine tools by fire in combustible buildings was 
virtually the 4.4-square-mile, burned-over area of 
the city. 

o. The fire hazard to machine tools can be most 
effectively limited by installing them in fire-re- 
sistive or noncombustible buildings containing a 
minimum of combustible contents. 

p. Electric motors were short-circuited and 
burned as a result of dust and light debris result- 
ing from blast. In order to eliminate this hazard, 
electric motors should be dust-proof. 

g. Exposure to weather caused additional dam- 
age to many machine tools which had already been 
damaged by debris or fire. Machine tools which 
had been exposed to fire effects were most severely 
rusted, probably because all lubricants and paint 
had been burned off. Most of the weather dam- 
age to machine tools could have been prevented by 
greasing or otherwise protecting them within the 
first few days after the atomic-bomb attack. 


PHOTO 1—-XI._ Building A, 1,600 feet west of GZ, looking northwest. A wood-frame, light-engineering shop 
destroyed by blast. Debris broke casting of shear at left but casting was weak, having been cracked and 
welded previously. Fire burned combustible debris and seriously damaged remainder of machine tools. 


PHOTO 2-XI. Building B, 3,400 feet northwest of GZ, looking west. A congested, wood-frame, light-engineer- 
ing shop totally damaged by blast. All machine tools seriously damaged, caused mainly by fire which burned 
debris. Note partly overturned drill press and overhead line shafting thrown over wall away from blast. 


13 


PHOTO 3-XI. Building C, 4,000 feet northwest of GZ, looking west. A wood-frame building about 75 percent struc- 
turally damaged by blast. No serious damage to machine tools, no fire in building. Note light combustible debris on 
floor; machine tools unprotected from weather. 


L 


PHOTO 4-XI. Building C, 4,000 feet northwest of GZ, looking southwest. Shows wood truss resting on heavy 
machine at southwest corner of wood-frame building collapsed by blast. Only slight damage to machine. Note 
machine unprotected from weather. No fire in building. 
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PHOTO 5- XI. Building D, 4,100 feet northwest of GZ, looking southwest. A wood-frame, needle manu- 
facturing plant destroyed by blast. Serious damage to machinery caused mainly by fire which burned 
combustible debris. 
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PHOTO 6—XI. Building E, 4,700 feet southwest of GZ, looking northwest. A wood-frame, light- 

engineering shop destroyed by blast. Serious damage entirely by fire which burned combustible debris. 

Note milling machine at right overturned when blast collapsed building. Press in center partly overturned 
in same manner. 
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PHOTO 7-XI. Building F, 4,900 feet southeast of GZ, looking southeast. A wood-frame, light-engineering 

shop structurally damaged by blast. Ensuing fire caused all serious damage to machine tools. Note line 

shafting resting on machines; building was shielded somewhat from blast and shafting apparently did not 
crash down. 


PHOTO 8-XI. Building H, 6,500 feet southeast of GZ, looking northwest. A wood-frame, light-engineering 
shop structurally damaged by blast. Ensuing fire caused most of serious damage to machine tools. Note 
cracked concrete base of small lathe at left. 
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PHOTO 9-XI. Building G, 6,000 feet south of GZ, looking west. A wood-frame, light-engineering shop collapsed as a 
unit by blast (no fire). Wood trusses had lateral motion imparted by blast and came to rest on lathes, damaging them 
only slightly. These machine tocls were given a protective coating of grease soon after the atomic-bomb attack. 
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PHOTO 10-XI._ Building G, 6,000 feet scuth of GZ, looking south. A wood-frame machine shop collapsed by blast. 

Several machine tools (drill presses and shapers) inside north wall facing blast were overturned by mass movement of 

building frame. Machines were mounted on individual slabs of concrete which in some cases were uprooted by overturn- 

ing of the machines. Only slight damage to machine tools by debris and exposure to weather. Note protective coating 
of grease on parts of machines. 


PHOTO 11—-XI. Building J, 7,500 feet south of GZ, looking east. A wood-frame machine shop super- 
ficially damaged by blast (no fire). Some machine tools slightly damaged by weather. Note corrugated- 
iron sheets on machines. 


PHOTO 12-XI. Building K, 7,600 feet south of GZ, looking east. A wood-frame machine shop practically 
undamaged by blast (no fire). No damage to machine tools. Note tarpaulin over equipment at left. 
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PHOTO 13-XI. Building L, 9,000 feet east of GZ, looking north. A wood-frame, light-engineering shop 
destroyed by fire near edge of a completely burned, congested area. Serious fire damage to all machine tools. 
Note machines unprotected from weather. 


PHOTO 14-XI._ Building M, 1,500 feet west of GZ, looking north. A steel-frame, combustible machine shop 
structurally damaged by blast. Slight damage to machine tools by debris, but serious damage to all by fire. 
Entire surrounding congested area burned over. 


21 


22 


PHOTO 15-XI. Building M, 1,500 feet west of 
GZ, looking east. Shows drill press partly over- 
turned and small casting broken at the top by 
mass distortion of steel frame of building. All 
machine tools seriously damaged by fire. 


PHOTO 16-XI. Building N, 1,800 feet east of 

GZ, looking north. A steel-frame, noncombustible 

repair shop structurally damaged by blast. Drill 

press and lathe seriously damaged by fire in com- 

bustible floor and contents. Note rubber tires on 
bicycles burned. 
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PHOTO 17—XI. Building P, 3,300 feet northwest of GZ, looking east. A steel-frame, combustible, light- 
engineering shop superficially damaged by blast. No damage to machine tools by blast or debris. Serious 
damage to all machine tools by fire in combustible debris and wood floor. Entire congested area burned over. 
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PHOTO 18-XI. Building Q, 4,700 feet west of GZ, looking east. A steel-frame, combustible, heavy- 
engineering shop structurally damaged at east end by blast. No damage to machine tools by blast or 
debris. No fire. 


PHOTO 19-XI. Building R, 4,700 feet west of GZ, looking east. A steel-frame, combustible, heayvy- 
engineering shop about one-half structurally damaged by blast. No damage to machine tools by blast or 
debris. No fire. 
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PHOTO 20-XTI. Building T, 4,000 feet northwest of GZ, looking west. A small, combustible machine shop 

with load-bearing brick walls. South and east walls, which faced blast, and roof were collapsed into building 

by blast, totally or heavily damaging 75 percent of machine tools. Remainder of machine tools slightly dam- 
aged by weather. No fire. 
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PHOTO 21-XI. Building S, 3,300 feet northwest of GZ, looking west. A combustible, light-engineering shop 

with load-bearing brick walls completely collapsed by blast. Note steel trusses resting on presses; trusses had 

lateral motion imparted by blast and caused only slight damage to machines. Combustible roof debris and con- 
tents burned and caused serious damage to all machine tools, 
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PHOTO 22-XI. Building 8, 3,300 feet northwest of GZ, looking north. <A load-bearing, brick-wall 

machine shop completely collapsed by blast. Walls at right collapsed into building, but no machine tools 

were located near it. Steel trusses came to rest on machines but apparently did not crash down because 

of lateral motion imparted by blast, and only slight damage resulted. Fire caused serious damage to 
all machine tools. 


PHOTO 23-XI. Building U, 7,500 feet east of GZ, looking east. A load-bearing, brick-wall, combus- 
tible machine shop practically undamaged by blast. No damage to machines by blast or debris. No 
fire. Slight damage to few machine by weather. 
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SECTION XII 
DAMAGE TO BRIDGES 
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1. Summary 

a. General. The atomic bomb detonated at 
Hiroshima, although it was an extremely powerful 
blast weapon, caused relatively little structural] 
damage to the 81 important bridges. Scattered 
throughout the entire city, the bridges, 260 to 
15,600 feet from ground zero (GZ), connected 
islands to islands and islands to mainland, forming 
an adequate and efficient bridge system. Not only 
did the bridges satisfy local transportation needs 
but they served also as overcrossings for the city 
services and utilities, and as a connecting link in 
the important Inland Sea coastal highway between 
Osaka and Shimonoseki (Fig. 1). 

b. Fifty-seven of the 81 bridges were se- 
lected for detailed study on the basis of location, 
type,and use. The bridges selected varied in loca- 
tion from 260 to 12,200 feet from GZ. They com- 
prised 19 timber, 15 concrete, and 23 steel bridges ; 
and in use they were classified as railroad, street 
railway, highway, and pedestrian bridges, and 
aqueducts. No bridge damage resulting from the 
atomic bomb detonation was found beyond 7,600 
feet from GZ (Table 1). 

ce. The 6 railroad bridges (5,580 to 8,480 feet 
from GZ), scattered along a circle at the foot ot 
the hills in the northerly part of the city, were 
most distant from GZ. Strongly constructed of 
steel, they completely escaped damage except for 
radiant heat effects which, on 4 bridges, discolored 
to a minor degree the paint on girders on the side 
toward GZ. As an indirect effect, however, near- 
by fires resulting from the bomb explosion and 
debris thrown onto the tracks by blast closed the 
‘ailroad lines to traffic for 2 days. 

d. The nine street railway bridges (1,000. to 
7,600 feet from GZ) were located principally in 
the heart of the city. They comprised two timber, 
one reinforced-concrete and six steel bridges. 
The damage incurred was limited to destruction 
by blast and fire of one timber bridge (4,670 feet 
from GZ), and blast damage to two steel bridges, 
one located 1,000 feet, and the other 4,670 feet 
from GZ which were closed to traffic for 3 and 30 
days, respectively. Although closing the latter 
isolated the Hiroshima railroad passenger sta- 
tion and northeast part of the city from street 
railway service for 30 days, the total of all damage 
to bridges carrying street-railway tracks was not 
serious. 

e. The 39 highway bridges (260 to 12,200 feet 
from GZ) comprising 14 timber, 15 concrete and 
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10 steel bridges, were most numerous as a Class. 
They were scattered throughout the city and in- 
cluded bridges which were the nearest to, and the 
most remote from, GZ, so that the effects of the 
bomb on these bridges varied greatly. One steel 
bridge (1,190 feet from GZ) was totally collapsed 
by blast. Five steel bridges (260 to 7,600 feet 
from GZ) and five concrete bridges (4,270 to 6,450 
feet from GZ) were damaged in extent varying 
from distorted and displaced decks and minor 
structural members to broken railings, curbs, posts 
and copings. Five timber bridges were structur- 
ally damaged by fre. Despite the fact that six 
highway bridges were totally damaged by the 
atomic bomb, the damage did not isolate any part 
of the city or seriously disrupt traflic. 

f. All four pedestrian bridges (3,200 to 7,960 
feet from GZ) were of timber construction. None 
was damaged by blast, but one (4,760 feet from 
GZ) was completely consumed by fire which 
spread from adjacent areas. The loss of this 
bridge caused no serious inconvenience, since 
traffic was rerouted over a structurally undamaged 
bridge within a distance of 900 feet. 

g. Seven bridges (4 timber and 3 steel) which 
served as aqueducts and over-crossings for utili- 
ties were structurally damaged by blast and fire. 
All 4 timber bridges and 1 steel bridge were col- 
lapsed by blast and fire. The collapse or failure 
of the 7 bridges damaged 5,000 pairs of telephone 
wire in cables; one 16-inch and one 14-inch diame- 
ter water main; 840 feet of 12-inch diameter and 
410 feet of 8-inch low pressure gas mains; and 270 
feet of 6-inch diameter high-pressure gas mains. 
To place these utilities in operation would have 
required complete rebuilding of five overcrossings 
and repairs to the other two. 

h. Vulnerability. Of the three types (timber, 
steel, concrete) studied in Hiroshima, timber 
bridges showed the least resistance to the effects 
of the atomic bomb. In terms of deck area, it was 
found that blast and fire totally damaged 33 per- 
cent of the 19 timber bridges, and 4 percent of the 
23 steel bridges. 
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None of the 15 concrete bridges 
suffered total damage. These percentages do not 
include such damage as broken railings, curbs, 
copings, and dislodged members, of which 5 
concrete and 5 steel bridges showed a moderate 
ameunt (Table 4). There were insuflicient data 
on bridges to compute reliable MAE’s for all 


types. The analysis of data, however, led to the 


below-listed conclusions on MAE’s for structural 
damage by blast to bridges (graph 1). 

Timber bridges, 2.4 square miles. 

Steel bridges, 0 square mile. 

Concrete bridges, 0 square mile. 

7. In summation, impressive evidence of the abil- 
ity of bridges to resist the forces of the Hiroshima 
atomic bomb (air-burst at 2,000 feet) was found 
in the facts that (1) 10 of 19 timber bridges studied 
were undamaged, (2) 10 of 15 concrete bridges had 
no damage, and (3) 14 to 23 steel bridges were 
undamaged (Table 4). 

j. Since bridges are designed to resist heavy ver- 
tical loads, the fact that those near GZ received 
the blast forces largely in the direction of their 
greatest strength minimized the damage to them. 
Also, as evidenced by plate-girder Bridge 22 (260 
feet from GZ and 2,020 feet from AZ), the orienta- 
tion of the longitudinal center line toward GZ 
tended to decrease damage, e. g., the extended 
center line of Bridge 22 passed within approxi- 
mately 50 feet of GZ; consequently, horizontal 
components of the blast forces were exerted in the 
direction in which the bridge was most resistant to 
such forces. At the same time the probability of 
damage from reflected blast waves was minimized. 
Bridge 24 (1,000 feet from GZ and 2,230 feet from 
AZ), with its extended center line passing approxi- 
mately 650 feet from GZ, was similar in strength 
and construction to Bridge 22. It was, however, 
damaged more spectacularly and in greater degree 
due to reflected forces and skewed broadside ex- 
posure to horizontal components of the pressure 
wave. Negative pressures were generally unim- 
portant in causing structural damage, but there 
was evidence that, at bridges within approximately 
1,000 feet of GZ, there was an inrush of air follow- 
ing the initial positive blast. 

k. It is probable that a bomb similar to the one 
used at Hiroshima, if detonated at an altitude 
lower than 2,000 feet, would cause appreciably 
more damage to bridges near GZ. But the height 
of detonation which would produce blast loadings 
exceeding the strength of the bridges is unknown. 
As discussed in the preceding paragraph, bridges 
near GZ had the advantage of receiving blast 
forces in the direction of their greatest strength, 
and, when oriented toward GZ, were most resist- 
ant to lateral forces and less liable to damage from 
reflected blast pressures. Therefore, the critical 
point of detonation for bridges would be one at 
which blast forces would be developed large 
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enough to collapse the bridges by overloading the 
structural members. At lower altitudes of deto- 
nation it appears likely that the radius of damage 
at Hiroshima would have been decreased, due 
principally to the bridges being at ground eleva- 
tion and therefore shielded to the maximum de- 
gree. The damage pattern would also probably 
have been less regular. Whether or not the ad- 
vantage of shielding would have been offset by the 
larger horizontal components against the vertical 
bridge members is speculative. 

1. Despite the great care exercised in segregat- 
ing the damage to bridges attributable to the 
atomic bomb from the flood and typhoon damage 
occurring on 17 September and 5 October 1945, 
respectively, there is a distinct probability that the 
blast loadings from the bomb weakened some of 
the bridges and left them in a vulnerable condi- 
tion. Flood and typhoon were credited with dam- 
aging to some degree nine timber, seven concrete 
and three steel bridges. 

m. When considering the usefulness of the 
bridge system immediately following the detona- 
tion of the bomb, factors which should be con- 
sidered in addition to actual damage to the system 
were the innumerable fires in areas adjacent to 
bridge entrances and exits, the debris from col- 
lapsed buildings which cluttered the bridge decks 
and roadways, and the general devastation and 
destruction which, depriving the city of the use of 
its bridges, temporarily trapped inhabitants on- 
the islands without hope of immediate escape or 
relief from outside. Thirty hours elapsed be- 
fore the first relief party penetrated the stricken 
area. Although the bridges generally resisted 
effectively the blast and fire from the bomb, lack 
of protection for the approaches and areas adja- 
cent to the ends of the bridges rendered them al- 
most useless at the time they were most needed. 

n. Samples and Laboratory Testing of Mate- 
rials. Members of the survey took samples of two 
‘ast-iron, railing-post sections from Bridges 23 and 
24, and also paint samples from Bridges 26 and 27, 
These samples were brought back for the purpose 
of making laboratory tests of the materials, and 
of incorporating the results in the report as part 
of the data for future reference. The National 
Bureau of Standards tested the two cast-iron, rail- 
ing-post sections and found them to correspond to 
ASTM Spec. A48-41, Class 20, the classification of 
lowest tensile strength for gray iron castings. The 
relationships among the tensile, compressive and 
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SHOWING LOCATION OF CONGRETE, STEEL 
AND TIMBER BRIDGES WITH RESPECT TO 
DISTANCE FROM GROUND ZERO (GZ). 
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NHIARMIARY OF DAMAGE TO BRIDGES 
@ee3 LOGATION OF CONORETE, STEEL 
GUMBER BRIDGES WITH RESPECT TO 
DISTANCE FROM GROUND ZERO (62). 
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shearing strengths were, however, about the same 
as in domestic cast irons of the same class, the car- 
bon content being somewhat higher, and the silicon 
and manganese contents considerably lower. Re- 
sults of paint tests have not yet been completed. 


2. Description of Bridge System 

a. Topographical and Historical. The city of 
Hiroshima was located upon the deltaic deposits 
of the Ota River, a relatively short, fast-flowing 
river which originated in the mountains north of 
the city. This delta was situated at the end of one 
of the few valleys running southwest to northeast 
across the Chugoku mountain range. The Ota 
River, flowing through the granite rocks of the 
mountains, flooded the delta, leaving deposits of 
earth and sand along the river beds. The beds, or 
branches, named from east to west, became known 
as the Enko-Gawa (River), Kyobashi-Gawa, 
Motoyasu-Gawa, Temma-Gawa, Fukushima-Gawa, 
and Yamate-Gawa. Eventually they separated 
the delta into the seven islands of Hiroshima (Fig. 
1). Hiroshima was at the junction of the sea and 
land routes connecting Kyoto, Osaka, and Shimo- 
noseki, and the northerly transmountain route to 
the coast of the Japan Sea. Since early times 
much importance had been attached to Hiroshima 
as a communications center, as well as the military 
and political headquarters of the Chugoku district. 

b. Growth of Bridge System. The main thor- 
oughfare was originally laid out around the foot 
of the mountain range in a semicircle convex 
northward and kept at a ground elevation above 
the dangers of flood and tide. Today the Sanyo 
line of the government railways follows the old 
highway in its route through Hiroshima toward 
Shimonoseki, using Bridges 9, 26, and 50 (Fig. 1) 
to cross the Kyobashi, Ota, and Yamate Rivers, 
respectively. As the city spread southward with 
the land reclamation projects which extended the 
islands seaward, surface communications from 
island to mainland and island to island required 
an ever-increasing number of bridges to accommo- 
date not only the peak population of 380,000 per- 
sons in Hiroshima, but also the traffic passing 
through the city on the Inland Sea coastal 
highway. 

c. Flood Effects on the System. A factor of 
prime importance in the development of the bridge 
system was the annual flood stages which the Ota 
River and its branches reached during the typhoon 
season from May through October. During these 
months the rivers frequently rose as much as 15 
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feet above normal mean high water and caused 
severe damage along their six beds by washing 
away the alluvial deposits from around the foot- 
ings of the piers and bents to such an extent (as 
deep as 30 feet below normal grade) as frequently 
to impair the structural safety of the bridges and 
close them to traffic. In the Hiroshima area 
foundation soils were of a sandy nature, rock bot- 
tom being seldom encountered. To protect 
against erosion, the foundations of piers for steel 
and reinforced-concrete bridges were carried by 
concrete caissons to depths of approximately 30 
feet below the river bed. The typhoons of 17 
September and 5 October 1945 caused considerable 
additional damage to the bridges which had un- 
dergone the atomic-bomb attack on 6 August. 

d, Selection of Bridges for Study. Of the 
many bridges found in Hiroshima by the team 
upon its arrival on 14 October 1945, 57 were se- 
lected for study in connection with physical 
damage resulting from the atomic-bomb attack, 
In this selection, primary considerations were 
given to location, use, and construction. The 
bridges (Fig. 1) ranged from 260 to 12,200 feet 
from ground zero (GZ) and were scattered 
throughout an approximate area of 12 square 
miles. In use, they were classified as railroad, 
street railway, highway, pedestrian, aqueduct, 
and mixed. The railroad bridges were  princi- 
pally in the northerly part of the city, the street 
railway bridges in the center, and the others dis- 
tributed over the city. Of the 57 bridges studied, 
23 were steel, 19 timber, and 15 reinforced concrete. 

e. Ownership and Maintenance. At the start of 
the survey no estimate of damage had been pre- 
pared by the governmental agencies, but repairs to 
some damaged bridges were in progress, and 
others were scheduled. Most plans and records 
showing conditions prior to 6 August had been 
destroyed by the atomic-bomb holocaust. How- 
ever, according to the opinion of the city engineer, 
approximately 80 percent of all bents and piers of 
the city-owned bridges were in good condition 
prior to the attack. The city had also repaired all 
damage from the 1944 flood and the remaining 
portions of the bridges had been checked over by 
the bridge department of the city. All railroad 
bridges maintained by the Japanese government 
were in excellent condition and all the highway 
bridges maintained by the prefectural govern- 
ment were in a good state of maintenance. The 
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maintained by the Hiroshima Electric Railway, 
Inc., were also in good condition. In November 
1945, at the time of the survey, as the rate of return 
of residents increased, several bridges were under 
repair and the city engineers were planning to 
repair such others as was necessary to accommo- 
date the flow of traffic along a northerly and south- 
erly route through Hiroshima ‘in order to prevent 
traffic bottlenecks in the city. Under considera- 
tion were Bridges 19, 31, 33, 45, and 46 which ac- 
commodated the southerly route and Bridges 37, 
43, and 48 which accommodated the northerly one. 
In addition, the street-railway company had 
planned to make whatever repairs were deemed 
necessary to their own bridges. Bridge 13, the 
most important, had been under repair since before 
12 October 1945. 

f. Bridge Design. Inasmuch as most of the 
records of Hiroshima were burned or destroyed, 
little information was obtainable regarding the 
design of the bridge structures. Therefore, it was 
necessary to consult other sources, such as the 
Hiroshima Electric Railway, the city engineers, 
the prefectural government engineers and the gov- 
ernment railroad officials, in searching for design 
standards and other pertinent information. 
From the few records available, and in many cases 
from memory, these agencies furnished much of 
the data incorporated in this section. Verified 
and supplemented by observation, interrogation, 
and inspection of documents, the data established 
that four principal ownerships of bridges existed 
in Hiroshima and that each differed somewhat 
from the others in design practice. In most cases 
the differences were explained by bridge use, 
‘ather than by official prerogatives. All the de- 
sign criteria are discussed in the following para- 
graphs. 

(1) Bridge Use. Inthe target area the bridges 
varied widely in use. Of the 57 studied, 39 were 
used to carry highway traffic (4 accommodated 
both highway and street-railway traffic) ; 5 were 
street-railway bridges; 6 carried railroads; 3 were 
used as aqueducts; and 4 were for the use of pedes- 
trians. One of the pedestrian bridges was unique, 
being a Japanese Army suspension bridge with 
steel cables and timber deck. 

(2) Loading. Timber bridges were designed 
for a single concentrated load of 12 to 15 tons per 
traffic lane. The city engineers did not know 
whether or not the timber bridges were designed 
for uniform loadings, earthquake, wind, or flood 
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resistance. Timber piles were driven to a 4-ton 
‘rapacity at a depth of approximately 6 feet below 
river beds by a pile driver with a 3.28-foot drop 
and a 0.3-ton drop-hammer when concrete founda- 
tions for the timber piles were omitted. In some 
cases a concrete foundation approximately 10 feet 
deep, 6 feet wide, and 12 to 20 feet long was con- 
structed around pile bents. The length depended 
on the number of timber piles per bent. The piles 
were from 10 to 12 inches in diameter, approxi- 
mately 30 feet long and extended into the concrete 
about 1.5 feet below the top of the foundation. 
Reinforced-concrete and_ steel-girder highway 
bridges were designed for a uniform load of 100 
pounds per square foot. Impact was taken as 30 
percent of the live load. Concentrated loads of 12 
tons per girder were taken as design loads for steel 
bridges and 12 to 15 tons per traffic lane were taken 
for concrete bridges. The  prefectural-owned 
bridges (Table 3) were designed for earthquake 
resistance after 1922. Interrogation of the pre- 
fectural government engineers indicated that 
earthquakes were very light and rare in the Hiro- 
shima area. Nevertheless, earthquake resistance 
was taken into consideration for design purposes 
by allowing 15 percent of the dead load as the over- 
turning force for steel-plate girders and 30 percent 
of the dead load as the overturning force for con- 
crete piers acting at their respective center heights. 
Information did not indicate whether these bridges 
were designed for wind and flood resistance (Fig. 
7). Railroad bridges were designed for Cooper’s 
E-40 live load. No other information could be 
secured through interrogation in regard to design 
data.. However, interrogation did disclose that the 
‘ailroad engines were known as class D-51, weigh- 
ing approximately 77 tons, and class D—-52, weigh- 
ing approximately 85 tons. The largest passenger 
rar had a net weight of 35 tons and a gross weight 
of 50 tons, while the largest freight car had net 
and gross weights of 27 and 50 tons, respectively. 
Street-railway bridges carried a double-track rail- 
way. These bridges were designed for a total load 
of 26 tons which included earthquake resistance, 
passenger loading, and weight of street car. No 
other information in regard to design data was 
available except that, through interrogation, engi- 
neers stated that both the earthquake-resistance 
factor and the distributed load produced by the 
passengers in streetcars were reduced to equivalent 
concentrated loads for design. For purposes of 
design, a total load of 3.25 tons per streetcar wheel 


TABLE 2.—Street-railway bridges (schedule of materials) 


Temma-Gawa Bridge (Bridge 35) (typical) 


Description Lees Ke Wei Num- Total 
uaa Length | perpise | 2 | ele 

2 a ce ee bal emai ee eee cou 4 dks Rage ae ee eae Pan ead De 
T-hese.2 25-2) 16. DY S InRNGE Ty Sea DOUNNG oon 5 et ah in ea -.| 23 0 | 966 4 3, 864. 00 
Angles 1c. oF Oy GO Dy 6 memes y 17.2 poids: oo i be eee 18 6 | 318 2 2 | 634. 40 
Sad Bs rs aw se ies es ee I a te OS acai 18.20 309. 6 2 619. 20 
Dols. t) = Ate ber Shy Sinehes by 14.9 pomnds =)... uct sea: bu 0 14. 9 32 | 476. 80 
i 48 by. 3 by Since by. 7.0 waundas . fo ces Sie eee 3 peo MD. 100. 73 2/| 201. 46 
BS 2 Si MOAN OS = sae ein Sei a tel ee Sh eae A cease SERN Aas 96. 78 2 193. 56 
Plates_.=...~.| 24 by % ineKes by 30,6 pounds _2—.-. -..-222---- eC A DS 2° 5 76. 50 4 | 306. 00 
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Dosneett. im by 4 inches by 10.14 pauidla: 202... os eG OA Seay all 8 229. 68 
Deico scat 9. by Mcinches he, 4 b.48-pownds.. 8. 30.2 eS CR es BIG 28: BB: 2 53. 10 
ivitts 2022: - Renta Dis eat ea Se td Se ee a oe Biers N 0. 123} 792 97. 42 
TRGB WOE GREE OR ares oe ots ge ek fe ks Pe ee CM ei ee ies ee Se REE PEELS Peps Peele 6, 861. 31 
was used. The company used two types of cars stapled connections were used instead of bolts. 
known as A car, weighing 18 tons (empty) and 2 — Connections were not rigid over pile bents and 
‘ar, Weighing 14.7 tons (empty). In bridge de- bolster plates were placed directly beneath timber 
sign, cars A and B were assumed to weigh 26 tons girders. Diagonal bracing for timber piling was 
fully loaded. The designers also assumed that a insufficient. Rough log members were used in sev- 
‘ar when fully loaded would carry 160 persons. eral bridges instead of dimension timber (Fig. 19). 
Each person was assumed to weigh 111 pounds and (2) Steel Bridges employed girders haunched at 
the approximate total passenger load was, there- supports as a general practice, and the continuity 
fore, 8.8 tons per car (Fig. 7). of spans was discarded in favor of cantilever de- 
(3) Stresses. The working stresses for timber — sign, due to poor foundations and piers which fre- 
bridges were not ascertainable. It was estab- quently settled. Rocker plates were used in some 

lished, however, that working stresses of 16,000 bridges at supports (Figs. 3 and 4). 

pounds per square inch were used for steel and (3) In Reinforced-Concrete Bridges haunching 
640 pounds per square inch for concrete. The re- of girders at supports was common practice and 
inforced-concrete bridges were designed for con- rantilever design was substituted for span con- 


crete having an ultimate strength of 2,000 pounds tinuity over supports because of poor foundations 
per square inch in compression and for working and piers which frequently settled. Floor beams 
stresses as follows: Tension, 64 pounds per square were not used. However, a greater number of 


inch; shear, 64 pounds per square inch; compres- closely spaced, concrete longitudinal beams was 
sion, 640 pounds per square inch; compression in employed, thereby transmitting the deck loads 
flexure, 640 pounds per square inch; except that directly to the abutments and bents. The con- 
prefectural government engineers used 500 pounds _ struction of railings, ornamental posts, caps, cop- 
per square inch for concrete in compression. ~ ings and curbs would have been comparable with 

g. Construction. Generally, the design, details, | United States standards of construction if they 
and arrangements for timber, concrete, steel-plate- | had been properly anchored, keyed or doweled to 


girder, and rolled-section I-beam bridges used for _ the structures (Photos 13 and 36, and Fig. 8). In- 
both highway and street-railway traffic appeared terrogation and inspection showed that the splicing 


to be below United States standards. The steel- — of reinforcing bars was not practiced. 

plate-girder bridges for railroad traffic and steel- h. Materials. Yn general, the quality of mate- 
truss aqueducts compared favorably with similar rials appeared to be below United States standards. 
structures in the United States. An exception was the steel employed in bridge 


(1) Timber . Bridges. Field investigations structures which in size and appearance were com- 
showed that floor beams were not used and that — parable with United States standards. 
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(1) Zimber. Field inspections showed that 
timber materials were considerably below United 
States standards. No evidence indicated that 
timber was treated with creosote or other pre- 
servatives. 
commercial sizes, and in many cases rough logs 
were used in the structures. In no case did the 
team find that timber bridges had received a pro- 
tective coat of paint. 

(2) Concrete. The aggregates used for con- 
crete were sand and gravel from the local river 
beds, the former being unscreened. Gravel, how- 
ever, was screened in an attempt to obtain some 
gradation, with maximum size stones of 2 to 3 
inches. The cement was manufactured and ob- 
tained from the Ube Cement Co. and the Oroda 
Cement Co., both located in Tamaguchi Prefec- 
ture. Some cement was obtained from the nearby 
Asano Cement Co. 

(3) Steel. Sizes of bars varied from 14 to 114 
inches in diameter for steel reinforcing. Rein- 
forcing for deck slabs varied from one-fourth to 
five-eighths inch in diameter. Stirrups were of 
various types and sizes. Temperature reinforce- 
ment was not used nor were square steel rods. 
Deformed reinforcing bars were not used princi- 
pally because they were 50 percent more costly 
than plain bars. Rolled-steel I-beams were of 
standard sizes, reinforced against buckling by dia- 
phragms and angle stiffeners. All materials (Ta- 
ble 2) were usually of medium steel and appeared 
to be comparable with United States standards. 
Steel received one shop coat of red-lead paint be- 
fore shipment, and protective field coats later. 
A cast metal sign fastened to the face of the girders 
of railroad Bridge 51 showed the shipment and 
manufacturing of the materials as follows (Photo 
109) : 


Materials: Angles, IJG Steel Works, Kawa- 
saki Zosenshokobe. 

Plate: Asano Zosen Seihambu. 

Rivets: Asano Rokuro Seikosho. 


3. Analysis of Damage 

a. Chronology and Use of Data. Tn assessing 
the damage to Hiroshima by the atomic bomb a 
difficult problem was to distinguish between bomb 
damage and flood and typhoon damage which came 
later. Since this complexity of damage was 
especially evident in the bridge system, it was felt 
that a chronological consideration of damage in- 
cidents and other data would serve as a valuable 
check list. Therefore, the cause and extent of 


Dimensions were not normally of 
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damage to each bridge was established only after 
it had been carefully considered in relation to each 
of the following: 

(1) Preattack air photos, dated 13 April 1945. 

(2) Atomic-bomb damage of 6 August 1945, 

(3) Postattack air photos, dated 7 August 1945. 

(4) Flood damage of 17 September 1945. 

(5) Flood and typhoon damage of 5 October 
1945. 

(6) Field observation 
through 24 November 1945. 

(7) Japanese drawings and documents. 

(8) Interrogation of eyewitnesses and officials. 

It is noteworthy that in the interval between the 
dropping of the atomic bomb and the arrival of 
the team two months later there occurred two 
severe storms, of which at least one had an in- 
tensity such as would be encountered only once in 
perhaps 50 or 100 years. These storms, unfortu- 
nately, destroyed much evidence of bomb action to 
bridges when they washed away the damaged 
structures, 

b. Method of Analysis. Each of the 57 bridges 
selected for study was numbered and its location 
in relation to the point of detonation of the bomb 
(air zero, or AZ), and the point on the ground 
directly below AZ (ground zero, or GZ) was estab- 
lished (Fig. 1). Each individual bridge was then 
studied in detail with respect to its use, design, 
materials, special features, strength, quality of 
construction, cause of damage and extent of dam- 
age. Photographs of the bridges were taken to 
show the condition of the structures at the time of 
the field survey. 

c. Definition of Terms. The damage, resulting 
from many causes occurring at different times, had 
left an analysis problem of considerable com- 
plexity. Therefore, for assessment, evaluation, 
and tabulation, the following classifications of 
damage was adopted by the survey. 


from 14 October 


(1) Total Damage. Damage requiring replace- 
ment of the entire bridge, or from 90 to 100 percent 
of spans and piers or bents. 

(2) Severe Damage. Damage to the major 
part of the structure, requiring replacement of 
between 50 and 90 percent of the spans and piers 
or bents. 

(3) Moderate Damage. Damage to the spans, 
piers or bents that could be repaired in a rela- 
tively short time; structural damage requiring re- 
placement of between 10 and 15 percent of the 
spans and piers or bents. 


TABLE 3.—Prefectural government bridges 


Approxi- “ 
— Type Use 4 probe ae Remarks 
; ‘structed design 
Lh COnerete sss tig See Highway _ 1925 Yessies” Norr.—(1) After the year 1922, all prefectural 
8 PAG, ein OEY 2 ei ol pees Goss. = 1933 Yes._____| government bridges were designed for earthquake 
12 aiePlabe girder 2 aes = SCL a 1927 Yes__._--_]| resistance. 
16 | Concrete_ ee (Co A 1935 Yes__ (2) Some of these bridges were also maintained 
17 | Pinte girder. 2: E aif Kos ba ln 1925 Yes___._.| by other agencies of Hiroshima. 
20 | Girder I-beam -_ ---_-_-_-.- SHED SS Ba. 1921 No2mcc: (3) NK= Not known. 
22:45 Plate girder <i. vectee hese s Goss 1925 Vaan tish 
24 EET: (ose apie SELES WA doe. 1931 Veseseu 
25)-|) SUGHCECTO= Ao. se ae SL: fea ae 1932 Yes__ 
27: | Steel-arth2 =. 2.2. Goss 2. 1922 INGHEe es. 
29+) Steel-truss2222 s. -20 SS do 1890 Neos 
32 | Timber- -- peiuivis Ww dowiae = NK INOS eees 
BF Nip PALO CITGO yates Eales frees 1926 Vegas 
43°\ “PUG R coe he eo en CLO ratte 1920 NOS 
AS Plate girder’ 222 232. OOo sos Sa: azo Vesueee. 


(4) Slight Damage. Damage necessitating a 
minimum of repair to open the bridge to traffic; 
structural damage requiring replacement of be- 
tween 0 and 10 percent of the spans and piers or 
bents. 

d. Damage to Timber Bridges. TExamination 
was made of 19 bridges of timber construction, of 
which 8 were either partly damaged or totally 
damaged by fire; but 3 (Bridges 6, 18, and 43) were 
initially damaged by blast; 2 (Bridges 38 and 39) 
were initially damaged by fire and later totally 
damaged by flood; one (Bridge 40) was severely 
damaged by fire only; and 2 (Bridges 14 and 34) 
were totally damaged by fire. Therefore, of the 
19 timber bridges, 6 (Bridges 28, 32, 36, 45, 46, and 
49) were partly or completely damaged by flood, 
8 (Bridges 6, 13A, 14, 34, 38, 39, 40, and 43) by 
fire, 1 (Bridge 21) by blast and flood but initially 
by blast, and 4 (Bridges 1, 11, 15, and 18) were 
undamaged. The timber bridges were located 
from 1,450 feet (Bridge 21) to 9,800 feet (Bridge 
1) from GZ. For details and sketches, Figures 19 
and 20. 

(1) Bridge 1 (9,800 feet from GZ and 10,000 
feet from AZ) was the most remote bridge studied. 
This bridge suffered no damage (Phetos 1 and 2). 

(2) Bridge 6 (5,370 feet from GZ and 5,730 feet 
from AZ). The approximate midportion of this 
bridge was slightly damaged initially by blast and 
later was totally damaged by fire (Photo 11). 

(3) Bridge 11 (7,960 feet from GZ and 8,200 
feet from AZ) suffered no damage (Photos 19-23), 

(4) Bridge 13A (4,670 feet from GZ and 5,080 
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feet from AZ). The span adjacent to the west 
abutment was slightly damaged initially by blast 
and later the whole bridge was totally damaged 
by fire (Photos 31 and 32). 

(5) Bridge 14 (4,760 feet from GZ and 5,170 
feet from AZ) was totally damaged by fire (Photo 
33). 

(6) Bridge 15 (5,580 feet from GZ and 5,900 
feet from AZ) suffered no damage (Photo 34). 

(7) Bridge 18 (6,000 feet from GZ and 6,300 
feet from AZ) suffered no damage (Photo 37). 

(8) Bridge 21 (1,450 feet from GZ and 2,460 
feet from AZ) was the nearest timber bridge to 
GZ. This bridge suffered slight structural dam- 
age. Spans at approximately the bridge center 
were totally damaged by the blast which also 
weakened the remaining timber spans, damaged 
the deck and totally damaged part of the timber 
railings along both sides of the bridge structure. 
At a later date this bridge was totally damaged by 
flood with the exception of part of one span adja- 
cent to the west abutment (Photo 42). 

(9) Bridge 28 (4430 feet from GZ and 4,840 
feet from AZ) was totaly damaged by flood (Fig. 
19, and Photo 76). 

(10) Bridge 32 (9A00 feet from GZ and 9,600 
feet from AZ). The approximate middle portion 
of the bridge was severely damaged by flood 
(Photo 88). 

(11) Bridge 34 (3,700 feet from GZ and 4,200 
feet from AZ) was totally damaged by fire (Photo 
90), 

(12) Bridge 36 (3,200 feet from GZ and 3,760 


feet from AZ) was totally damaged by flood 
(Photo 93). 

(13) Bridge 38 (3,750 feet from GZ and 4,250 
feet from AZ). Initially the westerly half of the 
bridge was severely damaged by fire spreading 
from adjoining areas and later was totally dam- 
aged by flood (Photo 95). 

(14) Bridge 39 (3,880 feet from GZ and 4,390 
feet from AZ). The easterly half of the bridge 
was initially moderately damaged by fire spread- 
ing from adjoining areas and later was totally 
damaged by flood (Photo 96). 

(15) Bridge 40 (5,360 feet from GZ and 5,700 
feet from AZ). The northerly portion of this 
bridge was severely damaged by fire (Photo 97). 

(16) Bridge 42 (5,100 feet from GZ and 5,490 
feet from AZ) was totally damaged by flood 
(Photo 99). 

(17) Bridge 43 (5180 feet from GZ and 5,510 
feet from AZ). The approximate midspan of this 
bridge was slightly damaged initially by blast and 
fire and later was totally damaged by flood (Photo 
100). Norr.—A new timber bridge was con- 
structed. 

(18) Bridge 46 (8,090 feet from GZ and 8,350 
feet from AZ) was totally damaged by flood 
(Photo 103). 

(19) Bridge 49 (6,380 feet from GZ and 6,650 
feet from AZ) was totally damaged by flood 
(Photo 106). 

e. Damage to Reinforced-Concrete Bridges. 
study was made of 15 reinforced-concrete bridges 
(3,4, 5,7, 8, 10, 16, 19, 25, 30, 31, 33, 41, 45, and 52) 
(Fig. 1). They varied from 1,930 to 12,200 feet 
from GZ. Bridge 52, 12,200 feet from GZ, was 
the most remote of all the bridges studied. 
None of the reinforced-concrete bridges was 
structurally damaged by the atomic bomb. Sev- 
eral bridges, however, did suffer superficial 
damage from bomb effects, such as broken or dam- 
aged railings, dislodged ornamental posts, caps, 
and coping curbs. Of the 15 reinforced-concrete 
bridges, 5 (3, 10, 30, 33, and 45) were damaged by 
flood only; 3 (4, 8, and 19) suffered superficial 
damage by blast ; 2 (25 and 31) suffered damage by 
flood and later received superficial damage by 
blast ; and 5 (5,7, 16,41, and.52) were undamaged. 
For sketches, Figures 2-6, inclusive. 

(1) Bridge 3 (7,130 feet from GZ and 7,390 feet 
from AZ). The spans and piers adjacent to the 
south abutment were severely damaged by flood 
(Photos 47). 
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(2) Bridge 4 (6,450 feet from GZ and 6,750 feet 
from AZ). This bridge suffered no structural 
damage but received superficial damage from the 
blast which blew off the northwest corner concrete 
railings (Photo 8). 

(3) Bridge 5 (6,210 feet from GZ and 6,510 feet 
from AZ) suffered no damage (Photo 10). 

(4) Bridge 7 (5,200 feet from GZ and 5,570 feet 
from AZ) suffered no damage (Photo 12). 

(5) Bridge 8 (5,390 feet from GZ and 5,700 feet 
from AZ). This bridge suffered no structural 
damage but received superficial damage from the 
blast which blew off the concrete railings along 
both sides (Photo 15). 

(6) Bridge 10 (6,950 feet from GZ and 7,250 feet 
from AZ). The spans and piers adjacent to the 
south abutment were moderately damaged by flood 
(Photo 18). 

(7) Bridge 16 (5,150 feet from GZ and 6,100 feet 
from AZ) suffered no damage (Photo 35). 

(8) Bridge 19 (4,270 feet from GZ and 4,720 
feet from AZ). This bridge suffered no struc- 
tural damage but received superficial blast damage 
indicated by dislodged ornamental posts (Photos 
38 and 388A). 

(9) Bridge 25 (5,200 feet from GZ and 5,570 
feet from AZ). The fourth bent from the south 
abutment was completely washed out by flood, but 
the bridge continued to carry unrestricted traffic. 
It also received superficial damage when blast blew 
off the concrete coping along both sides and 
slightly damaged the railing balusters directly 
over each pier (Photo 71 and Fig. 13). 

(10) Bridge 30 (1,930 feet from GZ and 2,800 
feet from AZ), the nearest concrete bridge to GZ, 
was severely damaged by flood only (Photos 81-84 
and Fig. 16). 

(11) Bridge 31 (4,570 feet from GZ and 5,000 
feet from AZ) suffered severe damage by flood 
(Photo 87). 

(12) Bridge 33 (5,300 feet from GZ and 5,650 
feet from AZ) suffered severe damage by flood 
(Photo 89). 

(13) Bridge 41 (6,150 feet from GZ and 6,460 
feet from AZ) suffered no damage (Photo 98). 

(14) Bridge 45 (7,010 feet from GZ and 7,300 
feet from AZ). The spans and bents adjacent to 
the east abutment were moderately damaged by 
flood (Photo 102). 

(15) Bridge 52 (12,200 feet from GZ and 12,450 
feet from AZ) suffered no damage. This bridge 


was the most distant bridge studied from GZ 
(Photo 110). 

f. Damage to Steel Bridges. A study was made 
of 23 steel bridges (2, 5A, 7A, 8A, 9, 12, 13, 17, 20, 
22, 23, 24, 26, 27, 29, 30.A, 35, 36, 37, 44, 47, 48, 50, 
and 51) which ranged from 260 to 7,600 feet from 
GZ. Bridge 22 was the nearest to GZ, being only 
260 feet therefrom, while Bridge 17 was the most 
distant steel bridge from GZ, being at 7,600 feet. 
Of 23 bridges studied, 1 (Bridge 29) was totally 
damaged by blast; 2 (24 and 30A) suffered slight 
structural damage by blast; 5 (12, 17, 20, 22, and 
23) received superficial blast damage; 5 (9, 26, 27, 
50, and 51) suffered no structural damage, but 
bomb effects were indicated by discoloration of the 
old paint on the steel members facing the direction 
of the blast; 1 (13) was initially damaged by blast 
and later moderately damaged by flood; 1 (37) 
was severely damaged by flood; 1 (35) was to- 
tally damaged by flood; and 7 (2, 5A, 7A, 8A, 44, 
47, and 48) were undamaged. For sketches, Fig- 
ures 2-6, inclusive. 

(1) Bridge 2 (8,480 feet from GZ and 8,740 feet 
from AZ) suffered no damage (Photo 3). 

(2) Bridge 5A (6,160 feet from GZ and 6,470 
feet from AZ) suffered no damage (Photo 10). 

(3) Bridge 7A (5,240 feet from GZ and 5,600 
feet from AZ) suffered no damage (Photo 12). 

(4) Bridge SA (5,580 feet from GZ and 5,900 
feet from AZ) suffered no damage (Photo 14). 

(5) Bridge 9 (5,730 feet from GZ and 6,050 
feet from AZ) suffered no structural damage but 
bomb effects resulted in the discoloring of the old 
paint on the steel members along the south side 
facing the flash. The north side was unaffected 
(Photes 15-17 and Fig. 17). 

(6) Bridge 12 (4,700 feet from GZ and 5,100 feet 
from AZ). This bridge suffered no structural 
damage but received superficial blast damage indi- 
‘rated by dislodged stone ornamental posts at its 
southwest corners (Photos 24, 25, and 26). 

(7) Bridge 13 (4,670 feet from GZ and 5,080 feet 
from AZ) was damaged by blast and flood. Ini- 
tially this bridge suffered slight damage by blast, 
especially to the bents supporting the center por- 
tion of the bridge, and to the I-beam girders located 
at the approximate bridge center. At a later date 
it was moderately undamaged by flood (Photos 
27-30 and Fig. 18). 

(8) Bridge 17 (7,600 feet from GZ and 8,870 feet 
from AZ). This bridge suffered no structural 
damage, but received superficial blast damage, 
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both concrete railings of the main spans being 
totally damaged. The railings of the approach 
spans were not damaged by blast (Photo 36). 
Thiswas the most remote plate-girder bridge 
from GZ. 

(9) Bridge 20 (I-beam girder, 2,900 feet from 
GZ and 3,450 feet from AZ). This bridge suffered 
no structural damage by blast which, however, dis- 
lodged ornamental corner posts (photos 39, 40, 
and 41). 

(10) Bridge 22 (260 feet from GZ and 2,020 feet 
from AZ). Of plate-girder design, this was the 
nearest bridge to the zero points. It had four steel 
longitudinal girders arched at the center and 
haunched at their supports. The piers were con- 
crete, faced with masonry. The roadway deck was 
of reinforced concrete with asphalt-wearing sur- 
face. The ornamental stone posts, two at east and 
west abutments and two at each river pier, were 
connected by concrete railings (Photo 434A). The 
bridge suffered no structural damage, although the 
north faces of the piers showed minor damage due 
to exposure to the blast. It did, however, receive 
superficial damage as the concrete railings on both 
sides were totally damaged and the ornamental 
posts were dislodged in a direction away from GZ 
(Photos 43-46 and Fig. 9). It appeared that the 
girders of the end span had lifted and had been 
slightly displaced at the abutments. The center 
span appeared to have been deflected and caused 
to rebound by the action of the blast which had 
shaken the entire bridge. Evidence also indicated 
that the joints of the water main spanning the river 
between the girders underneath the bridge were 
slightly damaged. 

(11) Bridge 23 (860 feet from GZ and 2,170 
feet from AZ). This plate-girder bridge suffered 
no structural damage, but received superficial blast 
damage totally damaging the concrete railings 
along both sides. The east railing was blown into 
the river and the west railing was blown toward 
GZ onto the roadway deck which indicated the 
instantaneous and rebound effects of the bomb 
blast (Photos 48 and 49). The cast-iron posts 
encased in the concrete railings were sheared off 
at curb elevation. The railings were anchored 
quite securely at the concrete deck and curbs. This 
anchorage was provided by the cast-iron posts 
which were bolted to the outside girder and spaced 
5 feet on centers (Fig. 10 and Photos 48 and 49). 
The ornamental posts at the southeast and south- 
west corners of the bridge were slightly dislodged. 
The longitudinal girders received no damage and 


there was no indication of displacement of the 
abutment at the south end of the bridge. The 
longitudinal girders abutting the south face of 
Bridge 24 were of cantilever design and showed no 
indication of deformation (Photos 47 and 70). 
(12) Bridge 24 (1,000 feet from GZ and 2,230 
feet from AZ) was located at the intersection of 
the Ota and Motoyasu Rivers (Photo 70). This 
bridge of plate-girder design received physical 
damage of a spectacular and interesting nature 
but it continued to carry unrestricted highway, 
pedestrian, and street railway traffic. The longi- 
tudinal steel girders suffered no great structural 
damage although a slight lateral deformation in- 
dicated that they had been highly stressed. It was 
also apparent that the bridge had first been de- 
pressed by the blast, and then the girders re- 
bounded upward due to the elastic quality of the 
steel. Apparently the reflection of the blast wave 
from the river and the rebounding action raised 
the roadway and sidewalk slabs from their sup- 
porting girders and also moved them laterally at 
the west end spans of the bridge (Photos 58 and 
69) ina direction away from the blast. Although 
the girders were subjected to large and unusual 
stresses, the elastic limit of the material was not 
greatly exceeded. The longitudinal girders, how- 
ever, did suffer slight deflection, especially those 
girders under the concrete walk adjacent to the 
east abutment where they were deflected approxi- 
mately 2 to 3 inches downward at the center of the 
span ‘(Photos 62 and 63), and there was a slight 
lateral deflection (Photos 53, 66, and 67). The 
girders at the west abutment showed an indication 
of deformation (Photo 64). The longitudinal 
girders of the fourth and fifth spans from the east 
abutment underneath the north walk were slightly 
deformed laterally and vertically, indicating that 
stresses were built up in the web-plate and bottom 
flanges at the piers. The concrete railings were 
totally damaged. The cast-iron posts encased in 
the concrete railings were sheared off at curb level, 


apparently as a result of severe shock effects pro-_ 


duced by the blast. The railings were anchored 
securely to the concrete deck and curbs. This an- 
chorage was provided by the cast-iron posts which 
were bolted to the outside girder and spaced 6 feet 
on centers (Photo 61). Other interesting damage 
features occurred at Bridge 24, such as damaged 
walks, roadway deck, and granite curbs. These 
damage features resulted from the shifting of the 
roadway deck laterally and vertically due to bomb 
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effects. The concrete walk along the north side 
was pushed approximately 3 feet above its sup- 
porting members over the center span (Photo 65). 
Along the north gutter, the scupper drains were 
left approximately 2 feet above the roadway be- 
‘ause the deck was raised so high off the steel and 
shifted so far that the scupper pipes hit on girders 
in falling (Photos 54, 55,57). Approximately at 
the bridge center the roadway deck was shifted 
laterally 15 inches north and raised approximately 
14 inches above its original position (Photos 54, 55, 
57, and 65). When raised and shifted laterally, 
the edge of the slab landed on the sidewalk-sup- 
porting steel which was at a higher elevation 
(Migs. 11 and 12). Also at approximately bridge 
center (opposite Bridge 23) the rails of the south 
street railway track were raised about 8 inches 
above their original position. This movement was 
caused by reflected blast which, however, did not 
affect Bridge 23 because of the nonrigid connection 
of the cantilever span abutting the south face of 
Bridge 24 (Photo 60). The southwest area of 
Bridge 24 was also affected by blast which raised 
the concrete walk approximately 20 inches above 
its original elevation and displaced the granite 
curb laterally 914 inches north from its original 
position. The roadway concrete deck, concrete 
walk, and granite curb at the northwest corner of 
the bridge (Photo 59) were also damaged by blast. 
The shifting of the bridge deck caused a slight lat- 
eral deflection in the street railway rails at the east 
end of the bridge (Photo 68) and also moved the 
‘ails laterally 15 inches to the north from their 
original position at the west end of the bridge 
(Photo 69). The ornamental stone caps at the cor- 
ners of Bridge 24, with the exception of the south- 
east posts, were dislodged by the bomb effects (Fig. 
12 and Photo 70). It was learned through interro- 
gation that at the time of the blast approximately 
300 Japanese soldiers and many civilians were 
crossing the bridge and all were hurled into the 
river. 

(13) Bridge 26 (5,750 feet from GZ and 6,100 
feet from AZ) suffered no structural damage. 
The bomb effects, however, discolored the old 
paint on the steel members along the south side 
facing the direction of flash. The north side was 
unaffected (Photos 72, 73, 74). 

(14) Bridge 27 (4,360 feet from GZ and 4,790 
feet from AZ) suffered no structural damage, but 
the bomb effects discolored the old paint on the 


steel members along the east side. The members 


along the west side were less affected (Photo 75). 
The bridge was of tied-arch single-span construc- 
tion. 

(15) Bridge 29 (A190 feet from GZ and 2,310 
feet from AZ), a pin-connected steel truss, was 
totally damaged by blast. Only stone-faced con- 
crete piers and abutments remained, The blast 
forces reflected from the water struck the bridge 
from below and caused an uplift, while the blast 
striking along the sides caused overturning and 
failure of the structure which collapsed into the 
river downstream (Fig. 14). The approximate 
center height of the trusses was 13 feet above road- 
way grade. Interrogation indicated that this 
bridge was approximately 55 years old. 1t was a 
highway bridge of very light construction with 
timber deck and asphalt-wearing surface, and was 
in fair condition (Photos 77-80). 

(16) Bridge 30A (1,880 feet from GZ and 2,750 
feet from AZ) suffered slight damage by blast. 
This bridge, known as the Shinobashi Aqueduct, 
carried a 16-inch water main. It was the nearest 
steel water crossing to GZ. It was a bow-string 
truss, built of light, steel angle members, and was 
supported on concrete piers. The blast caused 
slight deformation of the truss members. The 
members adjacent to the west abutment were most 
severely affected by the blast, and evidence indi- 
cated that the deformation of the members was 
caused by direct blast forces rather than by forces 
reflected from the water (Photos 85 and 86), 

(17) Bridge 35 (3,190 feet from GZ and 
feet from AZ) was totally damaged by 
(Photos 91 and 92). 

(18) Bridge 37 (3,220 feet from GZ and 3,770 
feet from AZ) suffered severe damage by flood 
which destroyed one pier and two spans adjacent 
to the west abutment (Photo 94). 

(19) Bridge 44 (5,300 feet from GZ and 5,650 
feet from AZ) suffered no damage (Photo 101). 

(20) Bridge 47 (7450 feet from GZ and 7,700 
feet from AZ) suffered no damage (Photo 104). 

(21) Bridge 48 (7,130 feet from GZ and 7,400 
feet from AZ) suffered no damage (Photo 105). 

(22) Bridge 50 (6,580 feet from GZ and 6,900 
feet from AZ) suffered no structural damage, and 
the only bomb effect noted was discoloration of the 
old paint on the steel members along the south side 
facing the direction of flash. The north side was 
unaffected (Photo 107). 

(23) Bridge 51 (6,450 feet from GZ and 6,780 
feet from AZ) suffered no structural damage. The 
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only indication of bomb effect was discoloration of 
the old paint on the steel members along the south 
side facing the direction of flash. The north side 
was unaffected (Photos 108 and 109). 

g. Recapitulation of Damage to Steel Bridges. 
The 23 steel bridges accommodated 4 types of traf- 
fic, with the exception of 8 bridges which carried 
water crossings. 

(1) Railroad Bridges. Of the total number of 
steel bridges, five were railroad bridges carrying a 
double-track (Bridges 8A, 9, 26, 50, and 51). 
Bridge 2 carried a single track railroad. These 
bridges were located from 5,730 feet to 8,480 feet 
from GZ, Bridge 2 being the most distant. They 
were built-up, plate-girder sections and suffered no 
damage. 

(2) Aqueducts. Three of the total number of 
steel bridges were used as water crossings. Of 
these, Bridge 30A was slightly damaged by blast. 
The others (Bridges 5A and 7A) suffered no dam- 
age (Photos 10, 12, and 85). Bridge 30A was the 
nearest aqueduct to GZ. 

(3) Street Railway Bridges. There were 4 steel, 
street-railway bridges of rolled I-beam sections 
supported by H-column bents with diagonal brac- 
ing. These were Bridges 15, 35, 44,-and 47, which 
‘arried double-track, street-railway traffic. Of 
these, 1 was completely destroyed by flood. One 
was initially damaged by blast and later moder- 
ately damaged by flood. Two suffered no damage 
These bridges were located at 4,670 to 7,450 feet 
from GZ, Bridge 47 being the most distant. 

(4) Highway Bridges. Ten of the total num- 
ber of steel bridges studied carried highway traffic. 
Of the 10, 1 (Bridge 27), a tied-arch, suffered no 
damage; 1 was a pin-connected steel truss (Bridge 
29) which was totally damaged by blast ; one was 
an I-beam girder section with angle stiffeners sup- 
ported by H-column bents with diagonal bracing 
(Bridge 20), which suffered only slight superficial 
damage, and the remaining seven (Bridges 12, 
17, 22, 23, 24, 37, and 48) were built-up, plate- 
girder sections supported on concrete piers. 
These bridges were located from 260 to 7,600 feet 
from GZ. Bridge 17 was the most remote high- 
way, plate-girder bridge from GZ. Of these, 4 
(Bridges 12, 17, 22, and 23) received superficial 
damage, and 1 (Bridge 24) received slight struc- 
tural damage by blast. Bridge 37 was severely 
damaged by flood. Bridge 48 suffered no damage. 

h. Résumé of Fire Damage to Bridges. Fire 
damaged eight timber bridges and was the cause 


of negligible damage to two steel bridges. There 
was no fire damage to concrete bridges. The eight 
timber bridges were ignited by fire spread from 
nearby combustible areas. 


(1) Thirteen of the nineteen timber bridges 
studied (6, 13A, 14, 15, 18, 21, 28, 34, 36, 38, 39, 40, 
and 43) (Fig. 20) were within the burned-over 
area. Of the 13,7 were totally or partly damaged 
by fire on the day of the attack, and 1 other was 
partly damaged by fire 3 days later. One end of 
Bridge 42, a timber structure, was adjacent to the 
burned-over area, but sustained no fire damage. 
The 5 timber bridges (1, 11, 32, 46, and 49) which 
were outside and not adjacent to the burned-over 
area were not fire damaged. 


(2) Timber Bridges 6, 13A, and 43 were dam- 
aged initially by blast and later ignited by burning 
buildings and totally damaged. The other timber 
bridges which burned had not been blast damaged. 
Bridges 14 and 34, ignited by burning buildings 
at both ends were totally damaged. Thirty percent 
of the east section of Bridge 39 was totaly damaged 
by fire which spread to it from burning buildings 
at the east end. Fifty-five percent of the north 
end of Bridge 40 was totally damaged by fire which 
spread to it from burning buildings at the north 
end. 


(3) Timber Bridge 38 was neither damaged by 
blast nor by fire on the day of the attack, but 3 
days later 50 percent of the westerly portion of 
the bridge was totally damaged by fire which was 
set by embers blown from the still smoldering, 
burned-over area only 20 feet from its west end. 


(4) There was one steel bridge with a wooden 
deck (Bridge 37) located within the burned-over 
area. This bridge was undamaged by fire. 

(5) There were two street railway Bridges (13 
and 44) and two railroad Bridges (9 and 26) of 
steel construction with wooden ties, within, or 
adjacent to, the burned-over area. Bridges 13 and 
44 sustained no fire damage, whereas Bridge 26 sus- 
tained slight flash-burn damage. It was reported 
that several freight cars burned on Bridge 9 as a 
result of direct ignition of the cars or their contents 
by radiated heat from the atomic bomb. Only : 
few wooden ties were charred and it is possible that 
they were burned by hot coals dropped previously 
by locomotives. On Bridges 9 and 26, red paint on 
the side of steel girders which faced AZ was dis- 
colored by radiated heat. Steel bridges were other- 
wise undamaged by fire. 


(6) Concrete bridges sustained absolutely no 
fire damage. 

i. Recapitulation and Summation of Bridge 
Damage. The damage resulting from many 
‘auses and occurring at different times had left a 
damage analysis problem of considerable com- 
plexity at Hiroshima. The cause and extent of 
damage to the bridge system by the atomic bomb 
has been segregated. from other damage and is 
summarized in Table 4. 

j. Samples and Laboratory Testing of Mate- 
Samples of two cast-iron, railing-post sec- 
tions from Bridges 23 and 24 (Sample D) and also 
paint samples from Bridges 26 and 27 (Sample B) 
were secured for tests by the Bureau of Standards 
as follows: 


rials, 


Sample B. Paint samples from Bridges 26 and 27, 

(1) Chemical analysis and comparison of sam- 
ples exposed and unexposed to bomb effects. 

(2) Opinion as to agencies causing change, if 
any, In composition. 
Sample D. Two cast-iron, railing-post sections. 

(1) Determine tensile, compressive, and shear 
strengths. 

(2) Test for hardness. 

(3) Metallurgical analysis. 
To date results have been received on Sample D 
only: “Sample D, 7wo Cast-Iron, Railing-Post 
Sections. These were identified as being one from 
Bridge 23, and one from Bridge 24. Specimens 
for tension, compression, and torsion tests were 
machined from each section and tested. The re- 
sults, together with the hardness numbers and 
chemical composition, follow : 


Bridge 23 Bridge 24 
Sample: 
Tensile strength, Ib/in ?_______ 19, 700 22, 700 
Compressive strength, Ib/in 2__. 72, 200 69, 100 
Modulus of rupture for torsion, 
ies el ae tg Mills Ge | 26, 500 27, 300 
Rockwell indentations num- | 
Bites 3S See ik aes -.....| B80-B90 | B75-B85 
Chemical composition: 
EA eg | aa ea SOEs 367.1 ae 8! 
Mi, persent* 4. biomed ou . 22 
P, percent -___-___ Se oe 17 | ae 
S, percents ute aerial 3 of 2e a 
Sie PRNOR bss 1s ce cae cae ee | 1. 35 1. 26 


2 Pounds per square inch. : 
ASTM Spec. A48-41 for Gray Tron Castings 
classifies cast irons by minimum tensile strength. 
These rails correspond to Class 20, the classifica- 


tion of lowest tensile strength. Spec. A48-41 does 
not provide for compression or torsion strengths, 
nor for chemical analysis. However, the relation- 
ships among the tensile, compressive, and shearing 
strengths are about the same as in domestic cast 
irons of this class, and the carbon content is perhaps 
somewhat higher, and the silicon and manganese 
contents considerably lower than in most compar- 
able cast irons.” 


4. Recommendations and Conclusions 

a. The Bridge System. 'The bridge system was 
satisfactory and adequate to accommodate the serv- 
ice, utility, communication, and transportation sys- 
tems of Hiroshima. The bridges were conveniently 
located for efficient travel between islands and 
mainland. Certain bridges were essential for car- 
rying services and utility lines across the several 
branches of the Ota River to the many districts 
of the city. Neglect in planning to provide pro- 
tection for approaches and ends from flimsy, 
wooden buildings, rather than any direct physical 
damage from the atomic bomb, deprived the in- 
habitants of their use after the attack until relief 
parties cleared away the debris from fire and blast. 

b. Design, Construction Features, Materials and 
Loading. n general, design, details, and arrange- 
ments for timber, concrete, and steel bridges ap- 
peared to be below United States standards except 
for the steel-plate girder bridges for railroads and 
steel-truss aqueducts which compared favorably 
with similar structures in the United States. In 
size and appearance the steel employed in bridge 
structures was comparable with United States 
standards; otherwise, the quality of materials ap- 
peared to be below that used in the United States 
for similar structures. Generally the bridges were 
designed to carry lower loadings than American 
types. 

c. Timber Bridges. The timber bridges (1,450 
to 9,800 feet from GZ) generally were of poor con- 
struction by American standards. They con- 
sisted of many spans of log girders simply sup- 
ported on multilog-pile bents. Although they 
were simple in design, low in cost, rapidly and eas- 
ily erected and repaired, and built of material 
which was relatively plentiful, they were not 
sturdy, and fire and blast easily destroyed them. 
Data indicated that the timber bridges were vul- 
nerable and were less resistant to the atomic bomb 
than concrete and steel. Based on four bridges, 
using the average circle of damage method, the 
mean area of effectiveness of the bomb in causing 
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structural damage by blast to timber pile bridges 
was 2.4 square miles with a mean effective radius 
of 4,600 feet. 

d. Steel Bridges (260 to 7,600 feet from GZ) 
were either of built-up, plate-girder sections or 
standard, rolled-steel sections. Analysis of the 
data showed the amount of structural damage to 
steel bridges caused by bomb effects to be relatively 
small. One bridge (a pin-connected steel truss) 
was, however, totally damaged by blast. This 
was a very old bridge about 1,190 feet from GZ 
and because of its design and age, was an easy 
victim of the atomic bomb. Although three of the 
steel bridges were within 1,000 feet of GZ they 
suffered little or no structural damage. The su- 
perficial and minor damage to them was confined 
largely to the reinforced-concrete decks, side- 
walks, railings and ornamental features. There 
was no evidence which would point to high tem- 
peratures as the cause of damage. Several 
bridges, however, located from 4,360 to 6,580 feet 
from GZ, were affected by radiant heat to an ex- 
tent which caused discoloring of the old paint on 
the steel members facing the direction of the flash. 
It is concluded that all damage to steel bridges 
was caused by blast. The mean area of effective- 
ness of the atomic bomb dropped at Hiroshima was 
zero for causing structural damage to steel-girder 
bridges similar to those included in this study. 
The pin-connected truss bridge totally damaged 
by blast at 1,190 feet. from GZ was judged to be 
unreliable as a source of data for conclusions on 
resistance to the bomb. 

e. Reinforced-Concrete Bridges (1,930 to 12,200 
feet from GZ) showed a striking lack of uni- 
formity in design and in quality of materials. A 
few whose superstructures were supported on 
concrete piers appeared more massive than similar 
structures in the United States. Other concrete 
bridges, generally supported on concrete bents, 
were estimated to be below United States stand- 
ards in design loads. The nearest concrete bridge 
to GZ (1,930 feet) was Bridge 30 which suffered 
severe flood damage subsequent to the atomic- 
bomb attack. Insofar as could be determined by 
interrogation and post-attack air cover, however, 
the bridge was open to highway traffic after the 
attack and was not structurally damaged, although 
possibly weakened by the atomic bomb. ‘There- 
fore, the only specific evidence of damage to con- 
crete bridges was the superficial damage from 
blast to 5 bridges, 4,270 to 6,450 feet from GZ. 


Thus, from an analysis of data, it is concluded that 
reinforced-concrete bridges were the most effective 
of all types in withstanding the effects of the 
atomic bomb. This conclusion is consistent with 
that of the Building Damage Section of this report 
which found that “multistory, earthquake-resist- 
ant, reinforced-concrete buildings located near the 
zero point suffered moderate to negligible struc- 
tural damage.” Since the bridges were normally 
designed to withstand heavier loads than the 
buildings, and some were earthquake resistant, it 
is improbable that they would have been structur- 
ally damaged even though located nearer GZ. 
Accordingly it is concluded that for the atomic 
bomb and height of burst employed at Hiroshima 
the MAE was zero for causing structural damage 
to reinforced-concrete girder bridges. 

f. Damage Features. It was believed that 
damage to ornamental features (posts, caps, cop- 
ings, curbs, and railings), with the possible ex- 
ception of those bridges within 1,000 feet of GZ, 
was due largely to inferior design. ‘These par- 
ticular parts of the bridges were those most se- 
verely damaged by blast. 

g. Different degrees of blast damage caused to 
bridge railings and ornamental features appeared 
in regular concentric areas around GZ. This regu- 
lar pattern of damage was due to the absence of 
topographical obstructions which might have pro- 
tected any particular areas from the blast. At 
long distances, where the blast was traveling in an 
almost horizontal direction, damage was inflicted 
principally on railings facing the flash. Buildings 
adjacent to bridges, however, provided some 
shielding for the structures, especially for orna- 
mental features. 

h. It was assumed that forces initially origi- 
nated at AZ were shock forces radiating from that 
point. This assumption was strengthened by the 
positions of the railings of Bridge 23, 860 feet from 
GZ, which fell toward the point of detonation of 
the bomb. This indicated that these positive forces 
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probably weakened the railings, and negative 
forces (toward GZ) lasting over a longer period 
of time completed the collapse. The negative 
phase, although probably much less powerful than 
the positive phase, was credited with causing the 
railings to fall toward GZ. 

7. It was further concluded that if the sidewalks, 
decks, and railings had been strongly anchored to 
the structural members, the damage would have 
been greatly decreased. On the other hand, it was 
recognized that the “floating” decks, if exposed to 
a more powerful blast weapon, might decrease 
structural damage to beams and girders by reduc- 
ing the loads from blast, especially from blast 
forces reflected onto the underside of the deck. It 
is evident that if the concrete deck were boxed 
around the steel members, as in American practice, 
powerful enough forces would lift the slabs and 
steel members as a unit with the probability of 
severe structural damage. It is recommended 
therefore that deck structures be simply supported 
on steel members, and designed: only to transmit 
downward loads to the structural beams and 
girders. 

j. Since destruction caused by the atomic bomb 
was largely associated with fire, comparatively lit- 
tle structural damage was caused to the noncom- 
bustible targets such as steel and concrete bridges. 
No evidence was found of spalled concrete or 
oxidized steel which would point to fire as the cause 
of damage. 

k. Had the atomic bomb been released closer to 
GZ, the results of the intense heat and increased 
pressure would probably have been more destruc- 
tive to those bridges located within 1,000 feet 
of GZ. 

I. The relatively small amount of structural 
damage inflicted on the noninflammable bridges 
studied indicated that in order to destroy such 
structures higher temperatures and more powerful 
forces must be developed. 


TaBLe 4.—Recapitulation of bridge damage 


Timber bridges Concrete bridges 


Steel bridges 


Damage Area Area Area Remarks 
Number wee Percent |Number Gee Percent Number oars Percent 
feet) feet) feet) 
Structure, blast_______- 1 1, 940 20 0 0 0 t 8, 165 20 
Superficial, blast_______ 0 0 0 5 0 0 5 0 0 | Brokenrailings, curbs, 
copings, and = dis- 
lodged members. 
U9 Foto mene Seca tee tear) 2 eee tia 10 fal Gs na ce sR nd ena Sti CEng A Cem oc paca he ea gels a 
Mixed... apy et eae 3 100 0 0 0 0 0 0 
Fire.) S0h%s se Seen eee ES Ce, RONG Seu IAN ib peli tal Cees | PRAM ays, Sepia 
Deo ek Se 5 | 19, 720 66 0 0 0 0 0 0 
Total damaged 9 | 39, 100 68 5 0 0 9 8, 165 8 
area 
SUMMATION 

Total area of damaged 9 | 57, 130 48 5 | 54, 570 42 9 | 98, 340 47 

bridges. 
Total area of undam- 10 | 62, 010 52 10 | 74, 640 58 14 |112, 410 53 

aged bridges.* 

Me OURRL Cy 2s etertens 19 |119, 140 100 15-1129, 2102)" “100 23 |210, 750 | 100 

Pereenti. dartiaged = of {stot oa 2 Soret coy, Dates Gee | x eee 4 

total area, | 


* Included are nine timber, seven concrete, and three steel bridges which were damaged by either flood or typhoon, or both, on 17 Sept. and 5 Oct. 1945, 


respectively. 
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PHOTO 1-XII. Bridge 1. Looking west at east side of undamaged bridge over the Enko-Gawa., 


Northeast corner of north abutment of undamaged bridge (9,800 feet to GZ, 
10,000 feet to AZ). 


PHOTO 2-XII. Bridge 1. 
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PHOTO 3-XII. Bridge 2. East elevation of single-track, railroad bridge over the Enko-Gawa (8,480 feet to 
GZ, 8,740 feet to AZ). 


PHOTO 4-XII. Bridge 3. Looking west at flood-damaged, highway bridge over the Enko-Gawa. Water main 
carried by bents (7,130 feet to GZ, 7,390 feet to AZ). 
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PHOTO 5-XII. _ Bridge 8. Reinforcing steel exposed at section of break in 
deck girder. 
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PHOTO 6—-XII. Bridge 3. Damaged concrete girder. 


PHOTO 7-XII. Bridge 8. Steel reinforcement in conerete deck. 


PHOTO 8-XII._ Bridge 4. North elevation of reinforced-concrete bridge over the Enko-Gawa. Superficial 
blast damage at northeast corner railing (6,450 feet to GZ, 6,750 feet to AZ). 
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PHOTO 9-NXII. Bridge 4. Southeast corner of east abutment. 
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PHOTO 10-XII. Bridge 5. Looking north at reinforced-concrete bridge over the Enko-Gawa. Note Bridge 
5A (steel truss) north of Bridge 5 (6,210 feet to GZ, 6,510 feet to AZ) undamaged, 
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PHOTO 11-XII. Bridge 6. Looking south at remains of bridge over Enko-Gawa. Destroyed by blast 
and fire (5,370 feet to GZ, 5,730 feet to AZ). 


PHOTO 12-XII. Bridges 7 and 7A. Looking west between reinforced-concrete, undamaged highway 
bridge and steel-truss aqueduct over the Kyobashi-Gawa (5,200 feet to GZ, 5,570 feet to AZ). 
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PHOTO 13-XII. Bridge 8. South elevation of bridge over Kyobashi-Gawa. 


Superficial blast damage to 
concrete railings (5,390 feet to GZ, 5,700 feet to AZ). 


PHOTO 14-XII._ Bridge 8A. Looking north at undamaged, steel, 
GZ, 5,900 to AZ). 


I-beam railroad bridge (5,580 feet to 
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PHOTO 15-XII. Bridge 9. South elevation of undamaged, double-track railroad bridge over the Kyobashi-Gawa. 


PHOTO 16—XII. Bridge 9. Paint’ on south elevation of steel girders discolored by exposure to bomb effects 
(5,730 feet to GZ, 6,050 feet to AZ). 
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PHOTO 17-XII. Bridge 9. Paint on north elevation of steel girders unaffected by bomb. 


PHOTO 18-XII. Bridge 10. East elevation of bridge over Kyobashi-Gawa showing flood damage (6 
feet to GZ, 7,250 feet to AZ). 
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PHOTO 1¢-XII. Bridge 11. Looking southwest at corner of north abutment (7,960 feet to GZ, 8,200 feet to AZ). 
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PHOTO 20-XII. Bridge 11. Cable-tied vertical member of west suspension cable. 
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PHOTO 21-XII. Bridge 11. Looking west at east suspension cables of undamaged bridge over the 
Kyobashi-Gawa (7,960 feet to GZ, 8,200 feet to AZ). 
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PHOTO 22-XII. Bridge 11. Underside of deck structure. 
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PHOTO 23-XII. Bridge. Cable-tied vertical member of west suspension cable. 


PHOTO 24-XII. Bridge 12. South elevation of bridge over Kyobashi-Gawa (4,700 feet to GZ, 5,100 
feet to AZ), 
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PHOTO 25-XII. Bridge 12, Ornamental stone post at southwest corner dislodged by blast (4,700 feet to 
GZ, 5,100 feet to AZ), 
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PHOTO 26-XII. Bridge 12. Ornamental stone post at southeast corner dislodged by blast (4,700 feet to 
GZ, 5,100 feet to AZ). 
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PHOTO 27-XII. Bridge 13. Timber cribbing under trolley tracks at fourth span from east abutment of blast-and 
flood-damaged bridge over the Kyobashi-Gawa (4,670 feet to GZ, 5,080 feet to AZ). 
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PHOTO 28-XII. Bridge 13. Looking west at cribbing under trolley tracks at fifth span from east abutment, 
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PHOTO 29-XII. Bridge 13. South elevation of trolley bridge. 
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PHOTO 30-XII. Bridge 13. Flood and blast damage (4,670 feet to GZ, 5,080 feet to AZ) north elevation. 
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PHOTO 31-XII. Bridge 13-A. Looking east at totally damaged timber bridge by blast and fire over the 
Kyobashi-Gawa. 


PHOTO 32-XII. Bridge 13-A. Totally damaged by blast and fire (4,670 feet to GZ, 5,080 feet to AZ.) 
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PHOTO 33-XII. Bridge 14. West abutment of bridge oyer the Kyobashi-Gawa, totally damaged by fire 
(4,760 feet to GZ, 5,170 feet to AZ). 
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PHOTO 34-XII. Bridge 15. Looking south at undamaged bridge over the Kyobashi-Gawa (5,580 feet 
to GZ, 5,900 feet to AZ). 
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PHOTO 35-XII. Bridge 16. North elevation of undamaged, reinforced-concrete, highway bridge over 
the Kyobashi-Gawa (5,750 feet to GZ, 6,100 feet to AZ). 
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PHOTO 36—-XII. Bridge 17. Looking south at street railway and highway plate-girder bridge over the 
Kyobashi-Gawa. Superficial blast damage to railings (7,600 feet to GZ, 8,870 feet to AZ). 
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PHOTO 37-XII. Bridge 18. Undamaged highway bridge over the Motoyasu-Gawa (6,000 feet to GZ, 6,300 
feet to AZ). 


PHOTO 38-XII. Bridge 19. North elevation of highway bridge over the Motoyasu-Gawa. Ornamental 
stone posts dislodged by blast (4,270 feet to GZ, 4,720 feet to AZ). 
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PHOTO 38A-XII. Pre-attack panoramic view of Hiroshima looking north, showing Bridges 19 and 20 in upper right 
and 31 in upper left. 
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PHOTO 39-XII. Bridge 20. Looking south at slight blast damage to northwest area of bridge over the 
Motoyasu-Gawa. 


PHOTO 40-XII. Bridge 20. South elevation. Debris deposited against bents by flood (2,900 feet to 
GZ, 3,450 feet to AZ). 
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PHOTO 41-XII. Bridge 20. Blast damage to north railing. Note flash burn on asphalt surface of bridge 
deck (2,900 feet to GZ, 3,450 feet to AZ). 
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PHOTO 42-XII. Bridge 21. Southwest part of bridge over the Motoyasu-Gawa totally damaged by blast and flood 
(1,450 feet to GZ, 2,460 feet to AZ). 
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PHOTO 43-XII. Bridge 22. Pre-attack Japanese photo showing south elevation. Nearest bridge to 
GZ, 260 feet. 


PHOTO 43A—-XII. Bridge 22. Superficial blast damage to bridge over the Motoyasu-Gawa (260 feet to 
GZ, 2,020 feet to AZ). 
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PHOTO 45-XII. 
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Bridge 22. 


44-XII. Bridge 22. North elevation. No structural damage. 
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Stone posts and railing damaged by blast (260 feet to GZ, 2,020 feet to AZ). 
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PHOTO 46-XII. Bridge 22. Blast damage and flash-burn to ornamental stone post (260 feet to GZ, 2,020 
feet to AZ). 
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PHOTO 47-XII. Bridge 23. Looking east at west elevation. Note cantilever span adjacent to Bridge 
24, over the Ota-Gawa. 
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PHOTO 48-XII. Bridge 23. Cast-iron post sections and concrete railing sheared off east curb by blast 
(860 feet to GZ, 2,170 feet to AZ). 
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PHOTO 49-XII. Bridge 23. Cast-iron post sections and concrete railing along west curb damaged by blast 
(860 feet to GZ, 2,170 feet to AZ). 
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PHOTO 50-XII. Bridge 24. North elevation of bridge over Ota-Gawa. Concrete walk and railing 
damaged by blast. 


PHOTO 51-XII. Bridge 24. Southeast part of bridge over Ota-Gawa. Railing damaged by blast 
(1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 52-XII. Bridge 24. Blast damage to southwest area. Conerete walk raised 20 inches above original road 
grade. Granite curb moved 9'% inches north from original position (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 53-XII. Bridge 24. North elevation adjacent to east abutment. No structural damage to steel- 
plate girders. 


81 


PHOTO 54-XII. Bridge 24. Portion of north granite curb and walk. Drain scupper west of Bridge 23, 
elevated 20 inches above road grade by blast effects. 


PHOTO 55-XII. Bridge 24. Portion of north granite curb and walk. Drain scupper east of Bridge 23, 
elevated 24 inches above road grade by blast effects (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 56—-XII. Bridge 24. North conerete walk pushed by blast effects 38 inches above cross-steel members sup- 
porting the north walk (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 57-XII. Bridge 24. Blast effects moved roadway slab laterally 15 inches north and raised it 14 inches above 
original position. Note pushed-up scupper (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 58-XII. Bridge 24. Northwest corner of bridge showing blast damage to conerete walk, granite 
curb and roadway concrete deck. 


PHOTO 59-XII. Bridge 24. Northeast corner of bridge showing blast damage to concrete walk and 
granite curb (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 60-XII. Bridge 24. Intersection of Bridges 23 and 24. Rails of south railway tracks pushed 
up 8 inches above original road grade by blast. 


PHOTO 61-XII. Bridge 24. Blast-damaged, cast-iron post sections at northwest corner of intersection 
of Bridges 23 and 24. Post sections 5 feet on centers for concrete railings of Bridge 23, and 6 feet on centers 
for Bridge 24 (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 62-XII. Bridge 24. Northeast corner of steel-plate girder. No structural damage by blast. 
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PHOTO 63—XII. Bridge 24. Underside of steel-plate girders and cross-members of west abutment. 
No structural damage (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 64-XII. Bridge 24. 


Underside of steel-plate girders and cross-members at west abutment, No structural 
damage. 
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PHOTO 65-XII. Bridge 24. ondary framing of exterior girder under north walk at approximate bridge center. 


No structural damage. 
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PHOTO 66—XII. Bridge 24. Inside faces of plate girders, fourth span from east abutment under north walk. De- 
flected slightly by blast (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 67—XII. Bridge 24. Inside faces of plate girders, fifth span from east abutment under north walk. Deflected 
slightly by blast (1,000 feet to GZ, 2,230 feet to AZ). 
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PHOTO 68-XII. Bridge 24. East end of bridge. Slight deflection in trolley rails due to shifting of 
* bridge deck by blast. 


PHOTO 69-XII. Bridge 24. West end of bridge. Streetcar rails moved laterally 15 inches to the 
north when blast effects shifted bridge deck (1,000 feet to GZ, 2,230 feet to AZ). 


PHOTO 70-XII. Intersection of Bridge 23 (left) and Bridge 24 (right). All damage from blast effect 
feet to GZ, 2,170 feet to AZ). Bridge 24 (1,000 feet to GZ, 2,230 feet to AZ). 


Bridge 23 (860 
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* PHOTO 7I-XII. Bridge 25. West elevation of bridge over Ota-Gawa. Flood damage and superficial 
damage to concrete coping by blast (5,200 feet to GZ, 5,570 feet to AZ). 


PHOTO 72-XII. Bridge 26. South elevation of undamaged, double-track railroad bridge over Ota-Gawa 
(5,750 feet to GZ, 6,100 feet to AZ). 
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on the south elevation of girders discolored by exposure to 
bemb effeets. 


PHOTO 73-XII. Bridge 26. Paint 


PHOTO 74-XII. Bridge 26. Paint on the north elevation of girders unaffected by bomb effects 
(5,750 feet to GZ, 6,100 feet to AZ). 
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PHOTO 75-XII. Bridge 27. West elevation of undamaged bridge over the Temma-Gawa. Paint on the 
members of the east elevation were discolored by exposure to bomb effects. Steel members of west 
elevation were only slightly discolored (4,360 feet to GZ, 4,790 feet to AZ). 
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PHOTO 76-XII. Bridge 28. Remains at north abutment of bridge over the Temma-Gawa. Totally 
damaged by flood (4,430 feet to GZ, 4,840 feet to AZ). 
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PHOTO 77-XII. Bridge 29. Looking north at remains of bridge over the Ota-Gawa. Totally damaged by blast. 


PHOTO 78-XII. Bridge 29. Southwest corner. Totally damaged by blast (1,190 feet to GZ, 2,310 feet to AZ). 
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PHOTO 79-XII. Bridge 29. East abutment. Bridge totally damaged by blast (1,190 feet to GZ, 2,310 feet to AZ). 
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PHOTO 80-XII. Bridge 29. Looking east at debris at west abutment (1,190 feet to GZ, 2,310 feet to AZ). 
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PHOTO 81-—XII. Bridge 30. Looking north at flood damage to highway bridge over the Ota-Gawa. 
(Note Bridge 30—A, aqueduct.) 


PHOTO 82-XII. Bridge 30. Fractured roadway deck and longitudinal beams. Note reinforcing steel 
and construction joint at junction of beams and slab. 
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PHOTO 83-XII. Bridge 30. Steel reinforcement in fractured con- 
crete girder. 
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PHOTO 84-XII. Bridge 30. Fractured roadway deck and girder. Note reinforcing steel. 
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PHOTO 85-XII. Bridge 30-A. North elevation of aqueduct for 16-inch main over the Ota-Gawa. 
Slightly damaged by blast. 
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PHOTO 86—-XII. Bridge 30-A. Looking northeast at corner of west abutment. Steel truss slightly 
damaged by blast. Note damaged covering of 16-inch water main (1,880 feet to GZ, 2,750 feet to AZ). 
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PHOTO 87-XII. Bridge 31. Looking south at flood-damaged, highway bridge over the Ota-Gawa. 
Sixteen-inch water main carried by bents. Top portion of northwest corner post dislodged by blast 
(4,570 feet to GZ, 5,000 feet to AZ). 


PHOTO 88-XII. Bridge 32. Looking north at flood-damaged highway bridge over the Temma-Gawa 
(9,400 feet to GZ, 9,600 feet to AZ). 
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PHOTO 89-XII. Bridge 33. Looking west at flood-damaged bridge over the Temma-Gawa. Sixteen-inch 
water main carried by bents (5,300 feet to GZ, 5,650 feet to AZ). 


PHOTO 90—-XII. Bridge 34. Looking west at timber bridge over the Temma-Gawa. Total damage by 
fire (3,700 feet to GZ, 4,200 feet to AZ). 
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PHOTO 91-XII. 
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Looking north at east abutment of bridge over the Temma-Gawa. ‘Totally 


damaged by flood. 


Bridge 35. 


PHOTO 92-XIT. 


Totally damaged by flood (3,190 feet to 


Bridge 35. West abutment of trolley bridge. 
GZ, 3,750 feet to AZ). 
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PHOTO 93-XII. Bridge 36. East and west abutment of bridge over the Temma-Gawa. Totally damaged 
by flood (3,200 feet to GZ, 3,760 feet to AZ). 


PHOTO 94-X1I. Bridge 37. Looking north at plate girder, wooden-deck, highway bridge over the 
Temma-Gawa. Westerly portion severely damaged by flood. Sixteen-inch water line carried by brackets 
along south side (3,220 feet to GZ, 3,770 feet to AZ). 
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PHOTO 95—-XII. Bridge 38. Looking west at remains of timber bridge over the Temma-Gawa. Severely 
damaged by fire (west half) and later totally damaged by flood (3,750 feet to GZ, 4,250 feet to AZ). 


PHOTO 96-XII. Bridge 39. Looking northwest at remains of timber bridge over the Temma-Gawa. 
Severely damaged by fire (easterly 14) and later totally damaged by flood (3,880 feet to GZ, 4,390 feet to AZ). 
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PHOTO 97—-XII. Bridge 40. Looking west at bridge over the Fukushima-Gawa. Northerly portion severely 
damaged by fire (5,360 feet to GZ, 5,700 feet to AZ). 
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PHOTO 98-XII. Bridge 41. Looking west at undamaged concrete bridge over canal connecting the Yamate- 
Gawa and the Fukushima-Gawa (6,150 feet to GZ, 6,460 feet to AZ). 
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PHOTO 99-XII. Bridge 42. Looking west at remains of timber bridge over the Fukushima-Gawa 
Totally damaged by flood (5,100 feet to GZ, 5,490 feet to AZ). 


PHOTO 100-XII. Bridge 43. North elevation of newly constructed timber bridge over the Fukushima- 
Gawa. Old bridge was totally damaged by blast and fire (5,180 feet to GZ, 5,510 feet to AZ). 
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PHOTO 101-XII. Bridge 44. Southeast part of undamaged, street railway bridge over the Fukushima- 
Gawa (5,300 feet to GZ, 5,650 feet to AZ). 
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PHOTO 102-XII. Bridge 45. Looking northwest at the southeast area of the concrete highway bridge 
over the Fukushima-Gawa. Moderately damaged by flood (7,010 feet to GZ, 7,010 feet to AZ). 
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PHOTO 103—XII. Bridge 46. Looking west at remains of timber bridge over the Yamate-Gawa. Totally 
damaged by flood (8,090 feet to GZ, 8,350 feet to AZ). 


PHOTO 104—-XII. Bridge 47. Looking north at undamaged trolley bridge over the Yamate-Gawa (7,450 
feet to GZ, 7,700 feet to AZ). 
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PHOTO 105—-XII. Bridge 48. Looking north at undamaged plate-girder, concrete-deck, highway bridge 
over the Yamate-Gawa; 12- and 14-inch water mains are carried by steel saddles between girders (7,130 
feet to GZ, 7,400 feet to AZ). 
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PHOTO 106—XII. Bridge 49. Looking northwest at remains of timber foot bridge over the Yamate-Gawa. 
Totally damaged by flood (6,380 feet to GZ, 6,650 feet to AZ). 
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PHOTO 107—XII. Bridge 50. ‘South elevation of undamaged, plate-girder railroad bridge over the 
Yamate-Gawa. Paint on girders on the south elevation was slightly discolored by exposure to bomb effects. 
North elevation unaffected (6,580 feet to GZ, 6,900 feet to AZ). 


PHOTO 108-XII. Bridge 51. South elevation of undamaged, plate-girder railroad bridge and underpass. 
Paint on girders on the south elevation was slightly discolored by exposure to bomb effects. North 
elevation was unaffected (6,450 feet to GZ, 6,780 feet to AZ). 
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Bridge 51. 
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PHOTO 110-XII. Bridge 52. General oblique view showing most remote bridge included in study (12,200 feet to GZ, 
; 12,450 feet to AZ). 
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BRIDGE 51 
DOUBLE TRACK R.R.STRUCTURE SIMILAR TO BRIDGES, FIGURE 17 ,& BRIDGE 50, FIGURE 5. 
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GIRDER: 13"X 1/2" COVER PLATE. 
3/8" WEB PLATE. 
4"X 4"X 3/8" STIFFENER ANGLES. 
BRAGING SIMILAR TO BRIDGE 50,FIGURE 5. 
DISTANCE TO GZ = 6450! 
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US.STRATEGIC BOMBING SURVEY 


— 


DATA SHEETS 


GENERAL NOTES 

(a) Plan distance is the distance from the 
center of bridge to GZ. 

(6) Slant distance is the distance from the center 
of bridge to AZ. 


BRIDGE 1 


Coordinates: 5K 


Over River: Enko-Gawa. 

Distance from “Zero Point”: Plan, 9,800; slant, 
10,000. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Seven timber beams, 
12 by 22 inches per span. 
Decking: Timber, 4 by 10 inches. 
Abutments: Stone masonry. 
Piers: Four piles (12-inch diameter) bent of 
concrete footings. 

SPECIAL FEATURES: Used stapled connec- 
tions rather than steel bolt. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards. Generally, the bridges were 
designed to carry lower loadings than is Ameri- 
can practice. 

QUALITY OF CONSTRUCTION AND MATE- 
RIALS: The design, details and arrangements 
of the bridge structure were below United States 
standards. Quality of materials fair. 

DAMAGE—EXTENT: None: 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary : None. 
Permanent: None. 

REMARKS: Bridge being used but timber deck- 
ing decaying. 

PHOTOGRAPHS: 

No. 
1 Looking west at east side of undamaged 
bridge over the Enko-Gawa. 


TO PLACE IN 


Direction and title 
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PHOTOGRAPHS—Continued 


No. Direction and title 
2 Northeast corner of abutment of undam- 


aged bridge. 


BRIDGE 2 


Coordinates: 5J 


Over River: Enko-Gawa. 

Distance from “Zero Point”: Plan, 8,480; slant, 
8,740. 

USE: Railroad. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: 38 inches in depth. 
in depth. 

Decking: Ties and rails. 

Abutments: Stones. 

Piers: Concrete. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridges woulc 
carry normal railroad loadings. Comparabl 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA. 
TERIALS: Comparable with similar struc 
tures in United States. Concrete and masonry 
good. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 

Permanent: None. 
REMARKS: Carrying a single-track railroad. 
PHOTOGRAPHS: 


TO PLACE IN 


No. Direction and title 
3 East elevation of single-track railroad 
bridge over the Enko-Gawa. Undam- 
aged. 
BRIDGE 3 


Coordinates: 5J 

Over River: Enko-Gawa. 

Distance from “Zero Point”: 
7,390. 


Plan, 7,130; slant, 


Varies 


ELEVATION 


PLAN A-A 


TYPICAL FLOATING PIER 


NOTES : 


Sand added for additional weight and economy. 


Dimensions are only approximate. 


| SECRET 


F=30% Dead Load 


pon. River Bed 


Foundation 


TYPICAL EARTHQUAKE DESIGN 


NOTES: 


Overturning force for piers = 30% of dead load. 
Overturning force for girders = 15 % of dead load. 


SKETCH SHOWING TYPICAL REINFORCING STEEL 


NOTES: 
Bars vary in size from \/4"to | 3/8" 
Deformed bars were not used. 
Only smooth round bars used. 


| TROLLEY CARS ee Be TROLLEY BRIDGES 


Showing Types “A” and “B" Showing girder (|-Beams) span lengths 


and abutments. 


gt 
as 

GENERAL NOTES 
For schedule of steel material. 
BRIDGE 13 All materials of medium steel unless otherwise 
specified. 
rivets of rivet steel and 3/4" diameter 
unless otherwise noted. 
rivet holes punched |/8" less and reamed 
1/16" greater diameter than that of rivet. 


7.95' 


Al 


Al 
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Part dislodged 


2" SE Post 
("= SW Post 
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CORNER POST SKETCH 
BRIDGE 12 
TYPE ~- Steel Plate Girder 
REMARKS: 
SE and SW corner posts separated from railing. 
Tops of NE and SE corner posts dislodged. 
Top of NW corner post partly damaged. 
Photos 24,25 and 26. 


~eepeieer ae dimes vine spol? oe ie 
GRID 3H 


RAILING SKETCH 
BRIDGE 25 


TYPE + Reinforced Concrete 


REMARKS : 
NE and SW corner post tops blown off. 
SE corner post top displaced 4". 
NW corner post top not disturbed. 


Cancrete railing posts over each pier broken on both 
south and north railings 
Coping blown off both south and north railing 

Photo 7I 
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CORNER POST SKETCH 


RAILING SKETCH 


62-4270! GZ-2900' 
GRID 6G 4 GRID 6G 
Part moved od ead post sheared 74 
| Road 
Road Grade | Grade 


BRIDGE 19 


TYPE- Reinforced Concrete 
REMARKS : 
- NE corner post cap blown entirely off. 
NW,SE,and SW corner post caps moved 4" to 6" from 
original position. 


Railing 3° above road grade was not disturbed. 
Photo 38 
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Part blown off 


Cast Iron 


ORNAMENTAL LIGHT POST 
BRIDGE 29 


TYPE - Pinned Steel Truss 


REMARKS : 
NE,SE, and SW ornamental 


cast iron light posts 
entirely dislodged. 
Upper portion of NW corner light post sheared off os 

shown and blown 50° SW from original position. 


Photo 78. 


—— —$—$——— 
BRIDGE 4 
jae Reinforced Concrete 
ARKS: 
Portion of railing at NE corner of bridge blown off. 
Distance to 6Z=6450 
Photos 8 and 9 


BRIDGE 20 
TYPE - Steel I Beam 
REMARKS : 
Numerous railing posts connected to slab by cast iron 
rods sheared off. 


Roadway showed shadow marks of north railing. 
| Tin protective covering of I8" water main on north side 
slightly effected by blast. 
| Photos 39,40, and 4I. 


Part moved 


Road Grade 


CORNER POST SKETCH 
BRIDGE 3] 


TYPE- Reinforced Concrete 


REMARKS : 
Top portion of NW corner post dislodged 3” to south. 
Other posts not damaged. 
Concrete railings not damaged. 
Photo 87 


BRIDGE 8 


TYPE- Reinforced Concrete 

REMARKS : 
Concrete railings =. both elevations of bridge blown off. 
eg ae to GZ=5 


6Z-260' " 


GRID 5H az 
| \) 
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Part moved 


CORNER POST SKETCH 
BRIDGE 22 


TYPE - Steel Plate Girder 
REMARKS : 
All stone posts dislodged to some extent. at road grade. 
NW corner post entirely blown down. 
Upper sections of the four center posts were moved 2" 
to 5" from original position. , 
Railings entirely destroyed. 
| Photos 43 to 46 inclusive. 


Z-7600' -, ZP 
RID 7H + 


Part blown off 


RAILING SKETCH 
BRIDGE !7 


Girder 


TYPE - Steel Plate 
REMARKS : 
Stone posts not damaged. 
Railings of spans adjacent to east and west abutments were 
not disturbed. 
All other railings blown off. 


Photo 36 
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Reinforced Concrete Slab 


SECTION A-A 


ot 3 - TYPE A | 


12" Each Side Of Piers 


8" Channel 


31/2"x31/2"x 3/8" 
SECTION B-B 


TYPE B | 
60" Each Side Of Piers 


8" Channel 
i| laos Il 


SECTION C-C 
TYPE © 
At Every Other Stiffener 
Between Type B 
“NOTES 
Reinforced concrete slabs are supported directly 
by longitudinal steel girders. SECRET 
Dimensions are only approximate. Many cases ‘ 
distances could not be measured accurately. Scale in Feet 
10" i f slab could not be ie TE, Me: pdt 
M TYPICAL ELE VATI In many coses thickness o 
TYPICAL SECTION GIRDER os Bhd eee U.S. STRATEGIG BOMBING SURVEY 
OF RAILING BRIDGE 22 
HIROSHIMA, JAPAN GRID 5-H 
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Caps of SW BSE 
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|. Sections detailed show nearest 


-cone. is 
CAST-IRON POSTS supported directly by longitudinal 
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SIDEWALK SLAB 
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71 SECRET 


560-0" Total Length 


NOTES 
= see. ml 40'-0" Reinforced-concrete slab, supported directly by 
~ A @_of Bridge reinforced concrete longitudinal girders. 


No deck beams used as cross-members connecting 
girders. 


Dimensions are only approximate. Many cases 
distances could not be measured accurately. 


In many cases thickness of slab could not be 
determined. 
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° NOTES 
Bo°0 80°90 80-0 Wood deck supported directly by wooden stringers. 
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ISOMETRIC - SHOWING DAMAGE 


DAMAGE : Bomb blast struck bridge from below 
after rebounding from water and also 
struck directly at sides causing failure in 
members and bridge to fall downstream. 
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NOTES 
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BRIDGE 6 


SIMILAR TO BRIDGE |. WIDTH=17'-9". LENGTH= 266°. 


SKETCH OF BRIDGE 


BRIDGE II 


SUSPENSION SPAN«220'. WIDTH=9' CABLES = 3 1/2". 
FOR DETAILS, PHOTOS I9 TO 23. 


BRIDGE 1I3A 


9 SPANS AT 33'. LENGTH =307° SECTION AS SHOWN BELOW. 


12"X24" GIRDERS 


12"x12" CAP 
4"X 10" BRACING 


12" PILES 


SKETOH OF TRANSVERSE SECTION 


BRIDGE 14 
SIMILAR TO BRIDGES 186. 
10 SPANS AT 30’. LENGTH =300' . 
WIDTH= 199" 


BRIDGE I5 


SIMILAR TO BRIDGES | &6. 
14 4-PILE BENTS. LENGTH= 309". 
WIDTH=I9' 7 12"X 22" GIRDERS. 


BRIDGE 18 
SIMILAR TO BRIDGES | &6. 
15 4-PILE BENTS. LENGTH= 448°. 
WIDTH=19! 7 12"X22" GIRDERS. 


BRIDGE 21 
SIMILAR TO BRIDGE 43. 
9 7-PILE BENTS. LENGTH= 295! 
WIDTH= 32-10" 12 10"LOG GIRDERS. 
BENTS SKEWED APPROX. 15° TO LONGITUDINAL ¢ OF 
BRIDGE. 


BRIDGE 32 
SIMILAR TO BRIDGE 43. 
29 5-PILE BENTS. LENGTH=660' 
WIDTH=I8! 7 I2"LOG GIRDERS. 
6" EARTH ROADWAY ON 4" LOG DECK. 
ADDITIONAL BRACING TO PILES IN BENTS. 
SKETCH BELOW. 
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6"X12" BOLTED 


\\ TO PILES 


SKETCH OF PILE BENTS 


BRIDGE 34 


SIMILAR TO BRIDGES 1&6. 
a1 4-PILE BENTS. LENGTH=312‘. 
WIDTH =17'-10" 


BRIDGE 36 
SIMILAR TO “FUTURE STANDARD" BRIDGE. 
6 3-PILE BENTS. LENGTH = 78: 
WIDTH= 10! 


BRIDGE 38 


SIMILAR TO BRIDGES 1&6. . 
10 4-PILE BENTS. LENGTH=330. 
WIDTH= 12"-I" 


BRIDGE 39 : 
SIMILAR TO BRIDGES | & 6. 

IS 4-PILE BENTS. LENGTH= 415" 
WIDTH = I6'-9" 


BRIDGE 40 
SIMILAR TO “FUTURE STANDARD" BRIDGE. 
18 4-PILE BENTS. LENGTH= 421! 
WIDTH #17'=11" 


BRIDGE 42 


SIMILAR TO "FUTURE STANDARD" BRIDGE. 
13 4-PILE BENTS. LENGTH= 421" 
WIDTH =17'-11" 


BRIDGE 46 


SIMILAR TO BRIDGES | & 6. 
9 4-PILE BENTS. LENGTH= 220: 
WIDTH = 13'-t" 


BRIDGE 49 
SIMILAR TO“FUTURE STANDARD" BRIDGE. 
10 2-PILE BENTS. LENGTH= 163‘ 
WIDTH = 3‘. 


NOTES FOR TIMBER BRIDGES 


\.FOR BRIDGES 1,43 & "FUTURE STANDARD", FIGURE 19. 

2. IN MANY GASES, THE ACCURATE NUMBER OF SPANS COULD NOT 
BE DETERMINED AND THE APPROXIMATE LENGTH OF BRIDGE 
COULD NOT BE MEASURED BECAUSE OF MISSING SPANS DUE 
TO DAMAGE. 
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USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

Longitudinal member: Five reinforced-con- 
crete beams 13 by 27 inches per span. 

Decking: Seven-inch reinforced concrete with 
144-inch asphalt wearing surface. 

Abutments: Concrete. 

Piers: Concrete. 

SPECIAL FEATURES: Beams haunched at 
supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good. 

DAMAGE—EXTENT: Severe. Spans and 
piers adjacent to south abutment severely dam- 
aged. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Five. 
Piers: Five. 
Abutments: One. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: Four spans required with three 
piers and one abutment. 

Permanent: Five spans required with four 
piers and one abutment. 

REMARKS: Carrying a 16-inch water main 
along the east side by bents. 

PHOTOGRAPHS: 

No. Direction and title 

4 Looking west at flood damage of highway 
_ bridge over the Enko-Gawa. 

5 Deck girder reinforcing steel. 

6 Damaged concrete girders. 

7 Steel reinforcement in concrete deck. 


BRIDGE 4 
Coordinates: 53 
Over River: Enko-Gawa. 
Distance from “Zero Point”: Plan, 6,450; slant, 
6,750. 
USE: Highway, pedestrian and trolley. 
DESIGN TYPE: Reinforced concrete. 


MATERIALS USED: 

Longitudinal member: Fourteen reinforced- 
concrete beams, 12 by 30 inches per span. 
Decking : Seven-inch reinforced concrete with 

asphalt wearing surface. 
Abutments: Concrete. 
Piers: Concrete with 
corners. 

SPECIAL FEATURES: Piers arched. Longi- 
tudinal beams adjacent to abutments are 
straight. All others are haunched except at 
piers nearest to abutments which are hinged. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good. Rail- 
ings not doweled. 

DAMAGE—EXTENT: None, except partly dam- 
aged concrete railings along the north and south 
elevation. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: Replace damage railings and 
patch asphalt wearing surface. 

REMARKS: Carrying a double-track trolley. 
Blast strong enough to blow pedestrians to deck 
and into river, and force autos to curbs. Trolley 
cars on bridge remained on tracks. 

PHOTOGRAPHS: 

No. Direction and title 

8 Looking south at north elevation of rein- 
forced-concrete bridge over the Enko- 
Gawa. Superficial blast damage at 
northeast corner concrete railing. 

9 Southeast corner of east abutment. 


stone masonry at 
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BRIDGE 5 
Coordinates: 5J 
Over River: Enko-Gawa. 
Distance from “Zero Point”: Plan, 6,210; slant, 
6,510. 


USE: Highway and pedestrian. 
DESIGN TYPE: Reinforced concrete. 
MATERIALS USED: 
Longitudinal member: Seven reinforced-con- 
crete beams 15 by 27 inches per span. 
Decking: Reinforced concrete with asphalt- 
wearing surface. 
Abutments: Concrete. 
Piers: Concrete with stone masonry at cor- 
ners. 
SPECIAL FEATURES: Longitudinal beams 
haunched at supports. 


HOW DOES STRENGTH COMPARE WITH | 


UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good. 
DAMAGE—EXTENT: None. 
CAUSE: None. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: AL. 
Piers: All. 
Abutments: Both. 
REPAIRS NECESSARY 
SERVICE: 
Temporary: None. 
Permanent: None. 
REMARKS: Structure well protected from the 
blast. 
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PHOTOGRAPHS: 
No. Direction and title 
10 Looking north at south elevation of rein- 
forced-concrete bridge over the Enko- 
Gawa. No damage. 
Norr.—Bridge 5A _ (steel-truss) 
north of Bridge 5. 
BRIDGE 5A 


Coordinates: 5J 


Over River: Enko-Gawa. 
Distance from “Zero Point”: Plan, 6,160; slant, 
6,470. 
USE: Water crossing. 
DESIGN TYPE: Steel-truss. 
MATERIALS USED: 
Longitudinal member: 3- by 3- by 14-inch 
angles. 
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MATERIALS USED—Continued 
Decking: 3- by 3- by 14-inch angles and 
2 by %4-inch bars comprising the steel 
bracing. 
Abutments: Concrete with masonry. 
Piers: Concrete. 

SPECIAL FEATURES: Top and bottom chords 
parallel. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridges would 
carry normal aqueduct loadings. Comparable 
with similar structures in the United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
tures in United States. Materials good for con- 
crete and masonry. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All, 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: None. 

REMARKS: Aqueduct carrying 16-inch water 
main. 

PHOTOGRAPHS: 

No. Direction and title 
10 Steel-truss aqueduct south of Bridge 5. 
No damage. 


TO: -PLACE..IN 


BRIDGE 6 
Coordinates: 41 
Over River: Enko-Gawa. 
Distance from “Zero Point”: Plan 5,370; slant 
5,730. 
USE: Highway and pedestrian. 
DESIGN TYPE: Timber superstructure on pile 
bents. 
MATERIALS USED: 
Longitudinal member: Seven timber beams 
per span. : 
Decking: Timber. 
Abutments: Concrete. 
Piers: Four piles bent. 
SPECIAL FEATURES: None. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 


QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Initially damaged by blast at approxi- 
mate bridge center, later totally destroyed by 
fire. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 

Piers: None, 
Abutments: Both. 
REPAIRS NECESSARY 

SERVICE: 
Temporary : 
Permanent: New bridge required. 
REMARKS: Constant replacement of piling re- 
quired after floods. 
PHOTOGRAPHS: 
No. Direction and title 
11 Looking south at remains of bridge over 
the Enko-Gawa destroyed by blast and 
flood. 


BRIDGE 7 


TO PLACE IN 


Coordinates: 41 


Over River: Kyobashi-Gawa. 
Distance from “Zero Point”: Plan 5,200; slant 
5,570. 
USE: Highway and pedestrian. 
DESIGN TYPE: Reinforced concrete. 
MATERIALS USED: 
Longitudinal member: Six reinforced-con- 
crete beams, 16 by 20 inches per span. 
Decking: Reinforced éonerete with asphalt 
wearing surface. 
Abutments: Concrete. 
Piers: Concrete bents. 
SPECIAL FEATURES: Slight intrado effect. 
Longitudinal beams were haunched at supports. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
* design loads, 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 
DAMAGE—EXTENT: None. 
CAUSE: None. 
REPAIR AND SALVAGE: 


EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: None. 

Permanent: None. 

REMARKS: Stiucture well protected from blast. 

PHOTOGRAPHS: 

No. Direction and title 

12. Looking west between reinforced-con- 

crete, undamaged bridge and steel-truss 
aqueduct over the Kyobashi-Gawa. 

BRIDGE 7A 

Coordinates: 41 

Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 5,240; slant, 
5,600. 

USE: Water crossing. 

DESIGN TYPE: Steel truss. 

MATERIALS USED: 

Longitudinal member: 4- by 6- by %¢-inch 
angles. 

Decking: 3 by 3 feet by ®¢-inch angles by 2- 
by 2- by %-inch angles, also 3- by 6- by 
%-inch angles with piers, comprising 
bracing. 

Abutments: Concrete faced with stone and 
brick masonry. 

Piers: Concrete. 

SPECIAL FEATURES: Top and bottom chords 
parallel. 

HOW DOES STRENGTH COMPARE WITH. 
UNITED STATES BRIDGES: Bridges would 
carry normal aqueduct loadings. Comparable 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
tures in United States. Materials good for 
concrete and masonry. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 

Permanent: None. 
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REMARKS: Aqueduct carrying 22-inch water 
main. Sheet-metal covering blown from pipe. 
PHOTOGRAPHS: 
No. 
2 - Looking 
crete Bridge 7 
Bridge 7A over 
No damage. 


BRIDGE 8 


Direction and title 

west between reinforced-con- 
and steel aqueduct 
the Kyobashi-Gawa. 


Coordinates: 41 

Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: 
5,700. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

Longitudinal member: Five reinforced-con- 
crete beams, 12- by 20-inch, per span. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES. Longitudinal beams 
were haunched at supports. Piers haunched at 
pier caps. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good, 

DAMAGE—EXTENT: None, except railings to- 
tally destroyed along both elevations. Asphalt 
surface very badly pocketed. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: Replace destroyed concrete rail- 
ings and patch asphalt wearing surface. 

REMARKS: Pedestrians blown into river 
blast. 
not disturbed by blast. 


Plan; 5,390; slant, 
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by 


Automobiles traveling along the bridge 


122 


PHOTOGRAPHS: 


No. Direction and title 
13. Looking north at south elevation of 
bridge over Kyobashi-Gawa. Superfi- 
cial blast damage to concrete railings. 
Coordinates: 41 
Over River: None. 
Distance from “Zero Point”: Plan, 5,580; slant, 
5,900. 
USE: Railroad. 


DESIGN TYPE: I-beam girder. 
MATERIALS USED: 
Longitudinal member: 
angle stiffeners. 
Decking: Ties and rails. 
Abutments: Concrete. 
Piers: None. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridge would 
carry normal railroad loadings. Comparable 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar strue- 
tures in United States. Materials good for con- 
crete and masonry. ; 

DAMAGE—EXTENT: 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Entire single span. 
Piers: None used. 
Abutments: Both. 

REPAIRS NECESSARY 'TO PLACE IN 

SERVICE 
Temporary: None. 
Permanent: None. 

REMARKS: Carrying a double-track railroad 
line, and forms an underpass for highwe ay and 
pedestrian traffic. 

PHOTOGRAPHS: 

No. Direction and title 
14 Looking north at undamaged, 
girder, I-beam railroad bridge. 


BRIDGE 9 


24-inch I-beam with 


None. 


steel- 


Coordinates: 31 


Over River: 
Distance from 
6,050. 


Kyobashi-Gawa. 


“Zero Point”: Plan, 5,730; slant, 


USE: Railroad. 
DESIGN TYPE: Plate girder. 
MATERIALS USED: 

Longitudinal member: 69 and 75 inches in 

depth. 

Decking: Ties and rails. 
Abutments: Concrete. 

Piers: Concrete. Faced with stone and brick 

masonry at corners. 
SPECIAL FEATURES: Skewed at approxi- 
mately 45°. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridges would 
» carry normal railroad loadings. Comparable 
with similar structures in United States. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
_ tures in United States. 
_ _ crete and masonry. 
DAMAGE—EXTENT: No structural damage to 
: girders. Only discolored paint due to bomb 
_ effects along the south side. North face not 
- affected. 
CAUSE: None. 
» REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: All. 
: Piers: All. 
| Abutments: None. 
) 
| 
: 
2 
| 
: 
| 
: 
. 


Materials good for con- 


SERVICE: 
Temporary: None. 
Permanent: None. 
REMARKS: Carrying a double-track railroad 
line, 
PHOTOGRAPHS: 
No. Direction and title 
15 South elevation of undamaged double- 
track railroad bridge over the Kyo- 
bashi-Gawa. 
16 Paint on south elevation of steel girder 
discolored by exposure to bomb effects. 
1V Paint on north elevation of steel girder 
unaffected by bomb effects. 


BRIDGE 10 


- 


\ 

. 
: 
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Coordinates: 31 


ne River: Kyobashi-Gawa. 
‘Stance from “Zero Point”: Plan, 6,950; slant, 
7,250, 
USE: 9 


D ighway and pedestrian. 


ESIGN TYPE: Reinforced concrete. 
731568—47___9 


REPAIRS NECESSARY TO PLACE IN_ 


MATERIALS USED: 

Longitudinal member: Five reinforced-con- 
crete beams, 13 by 30 inches per span. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete. 

Piers: Concrete bents. . 

SPECIAL FEATURES: Longitudinal beams 
haunched at supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: Moderate. The pier and 
spans adjacent to the south abutment were 
caused to settle. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 

SERVICE: 
Temporary: None. 
Permanent: One pier and two spans. 

REMARKS: Carrying a 20-inch water main along 
the west side. Bridge opened to light traffic. 

PHOTOGRAPHS: 

No. Direction and title 

18 Looking west at east elevation of bridge 
over the Kyobashi-Gawa showing mod- 
erate flood damage. 


BRIDGE 11 


Coordinates: 2I 


Over River: Kyobashi-Gawa. 
Distance from “Zero Point”: Plan, 7,960; slant, 
8,200. 
USE: Pedestrian. 
DESIGN TYPE: Cable suspension. 
MATERIALS USED: 
Longitudinal member: Steel cable. 
Decking: Timber, 114 by 6 inches. 
Abutments: Concrete. 
Piers: None. 


SPECIAL FEATURES: Unusual — suspension 
and vertical members. Eyes and hooks form 
connection of crude type at ends of suspension 
cables. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials fair. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: The single suspension. 
Piers: None. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: : 

Temporary: None. 
Permanent: None. 

REMARKS: Constructed by the Japanese Army. 

PHOTOGRAPHS: 

No. 
19 


Direction and title 

Looking southwest at corner of north 
abutment. 

Cable-tied vertical member, west suspen- 
sion cable. 

Looking west at east suspension cable, 
undamaged. 

Underside of deck structure. 

Cable-tied vertical member of west sus- 
pension cable. 


BRIDGE 12 


20 


Coordinates: 5I 


Over River: Kyobashi-Gawa. 
Distance from “Zero Point”: Plan, 4,700; slant, 
5,100. 
USE: Highway and pedestrian. 
DESIGN TYPE: Plate girder. 
MATERIALS USED: 
Longitudinal member: Thirty-six inches in 
depth. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Concrete. 
Piers: Concrete with stone facing at corners. 
SPECIAL FEATURES: Longitudinal girders 
haunched at supports. Ornamental stone fac- 
ing on external girders. 
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HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of material good for con- 
crete. 

DAMAGE—EXTENT: No structural damage to 
girders. Ornamental stone posts at the south- 
east and southwest, corners slightly dislodged. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All.* 

Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: None. 

Permanent: Repair dislodged ornamental 
stone posts. Patch asphalt Wearing sur- 
face. 

REMARKS: Carrying a 16-inch water main. 

PHOTOGRAPHS: 


No. Direction and title 

24 South elevation of bridge over the Kyo- 
bashi-Gawa. 

25 Ornamental stone post at southwest cor- 
ner dislodged by blast. 

26 Ornamental stone post at southeast cor- 
ner dislodged by blast. 

BRIDGE 13 


Coordinates: 51 


Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 4,670; slant, 
5,080. 

USE: Trolley. 

DESIGN TYPE: Plate girder (I-beam). 

MATERIALS USED: 

Longitudinal member: 24-inch I-beam with 
angle stiffeners. 

Decking: Ties and rails. 

Abutments: Stone. 

Piers: Four H-columns bent with angle brac- 
ing. 

SPECIAL FEATURES: Additional — timber 
column bents with timber bracing added to each 
bent. H-columns with angle extension fastened 
to steel bents to carry electrical overhead service. 


HOW DOES STRENGTH COMPARE WITH 

UNITED STATES BRIDGES: Below United 
_ States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair for 
timber. 

DAMAGE—EXTENT: Slight deflection to sev- 
eral main members. Shght damage to center 
spans. Moderate damage to several of the spans 
and bents along the bridge structure. 

CAUSE: Blast and flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

- Temporary: Build up four center bents with 
timber cribbing to normal elevation of trol- 
ley tracks. 

Permanent: Replace four center bents and 
reset 24-inch I-section girder to normal 
alignment and elevation. 

REMARKS: Carrying a double-track trolley 


TO PLACE IN 


line. Bridge was repaired and used during this 
survey. An S-curve slope existed in trolley 
rails across the bridge spans. 
PHOTOGRAPHS: 
No. Direction and title 
27 Timber cribbing under trolley tracks at 
fourth span from east abutment of 
blast- and flood-damaged bridge over 
the Kyobashi-Gawa. 
28 Looking west at cribbing under trolley 
tracks at fifth span from east abutment. 
29 South elevation of trolley bridge. 
30 Flood and blast damage to bridge. 


BRIDGE 13-A 


Coordinates: 5I 


Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 4,670; slant, 
5,080. 

USE: Double-track trolley. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Four timber beams, 
16 by 20 inches per span. 
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MATERIALS USED—Continued 
Decking: Timber ties and rails. 
Abutments: Stone masonry. 
Piers: Four piles bent. 

SPECIAL FEATURES: Timber extended over 
abutments and set on soil without sills. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Span adjacent to east abutment ini- 
tially damaged by blast, later bridge totally de- 
stroyed by fire. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 
Piers: None, 
Abutments: Both. 

REPAIRS NECESSARY 

SERVICE: 
Temporary: 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

No. 
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Direction and title 


» 
o 


Looking east at blast- and fire-destroyed 
timber bridge over the Kyobashi-Gawa. 


32 Looking north. Destroyed by blast and 
fire. 
BRIDGE 14 


Coordinates: 51 

Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 4,760; slant, 
5,170. 

USE: Pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. ra 

MATERIALS USED: 

Longitudinal member: Timber girders. 
Decking: Timber. 

Abutments: Stone masonry. 

Piers: Four piles bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 


CAUSE: By spreading of fires from adjacent 
buildings. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: None. 
Piers: None. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary : 
Permanent: New bridge required. 
REMARKS: Constant replacement of piling re- 
quired after floods. 
PHOTOGRAPHS: 
No. Direction and title 
33 Looking north at west abutment of fire 
destroyed bridge over the Kyobashi- 
Gawa. 


BRIDGE 15 
Coordinates: 61 

Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 5,580; slant, 
5,900. 

USE: Highway and pedestrian, 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Seven timber beams, 
12 by 22 inch per span. 

Decking: 4 by 10 inches. 

Abutments: Concrete. 

Piers: Four piles (12-inch diameter) per bent. 

SPECIAL FEATURES: Used stapled connec- 
tions rather than steel bolt. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

UXTENT USABLE: 
Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: None. 
Permanent: None. 
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REMARKS: Bridge being used but timber deck- 
ing decaying. 
PHOTOGRAPHS: 
No. 


34 Looking south at undamaged bridge over 
the Kyobashi-Gawa. 


BRIDGE 16 


Direction and title 


Coordinates: 61 


Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 5,750; slant, 
6,100. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete, 

MATERIALS USED: 

Longitudinal member: Fourteen reinforced- 

concrete beams, 13 by 33 inch, per span. 

Decking: Reinforced concrete with asphalt 

wearing surface. 

Abutments: Concrete. 

Piers: Concrete with 

corners. 

SPECIAL FEATURES: Some of the longitudi- 
nal beams were haunched at supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice, 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material good. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 

Permanent: None. 

REMARKS: Structure fairly protected from 
blast. 

PHOTOGRAPHS: 

No. 

35 Looking south showing the north eleva- 
tion of undamaged reinforced-concrete 
highway bridge over the Kyobashi- 
Gawa. 


stone masonary at 


TO PLACE IN 


Direction and title 


BRIDGE 17 
Coordinates: 7TH 

Over River: Kyobashi-Gawa. 

Distance from “Zero Point”: Plan, 7,600; slant, 
8,870. 

USE: Highway, pedestrian and trolley. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: 54 inches in depth. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete with stone facing. 

Piers: Concrete with stone facing. 

SPECIAL FEATURES: Girders haunched and 
anchored to pin-connected rockers at piers. 
Stone masonry approach spans. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The railings not doweled. The 
design, details and arrangements of the bridge 
structure were below United States standards. 
Quality of materials good for concrete and stone 
masonry. 

DAMAGE—EXTENT: Nostructural damage to 
girders. Railings of main spans destroyed. 
Approach spans railings not damaged. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: Replace damaged concrete rail- 
ings. 

REMARKS: Carrying double-track trolley line. 
Carrying 12-inch water main. 
pedestrians on structure during blast. - 

PHOTOGRAPHS: 

No. 

36 Looking south at trolley and highway, 
plate-girder bridge over the Kyobashi- 
Gawa. Superficial damage to concrete 
railings by blast. 


TO PEACE \IN 


No vehicles or 


Direction and title 
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BRIDGE 18 
Coordinates: 7G 


Over River: Motoyasu-Gawa. 

Distance from “Zero Point”: Plan, 6,000; slant, 
6,300. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Seven timber beams, 
12 by 22 inches per span. } 

Decking: Timber, 4 by 10 inches. 

Abutments: Stone masonry. 

Piers: Four piles (12-inch diameter) bent. 

SPECIAL FEATURES: Used stapled connec- 
tions rather than steel bolt. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards, lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 
Piers: None. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 

SERVICE: 
Temporary: None. 
Permanent: None. 

REMARKS: Bridge being used but timber deck- 
ing and railing in decayed condition. 

PHOTOGRAPHS: 

No. 
37 Looking north at undamaged highway 
bridge over the Motoyasu-Gawa. 


BRIDGE 19 


Direction and title 


Coordinates: 6G 
Over River: Motoyasu-Gawa. 
Distance from “Zero Point”: Plan, 4,270; slant, 
4,720. 
USE: Highway and pedestrian. 
DESIGN TYPE: Reinforced bents. 


MATERIALS USED: 
Longitudinal member: Seven reintorced-con- 
crete beams, 13 by 20 inches per span. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Concrete. 
Piers: Concrete bents. 


SPECIAL FEATURES: Longitudinal beams 
were haunched at supports. Concrete cap 


under beams only at every other pier. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards, principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials Sout 

DAMAGE—EXTENT: None. , 

CAUSE: None. | 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments. Both. 


REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary: None. 
Permanent: None. 
REMARKS: Carrying an 18-inch water line 


along the north side supported on steel brackets 
and saddle along concrete bents. 


PHOTOGRAPHS: 
No. Direction and title 
38 Looking southeast at the north elevation 


of highway bridge over the Motoyasu- 


Gawa. Ornamental stone posts dis- 
lodged by blast. 
BRIDGE 20 


6G 


Coordinates: 


Over River: Motoyasu-Gawa. 
Distance from “Zero Point”: Plan, 2,900; slant, 
3,450. 


USE: Highway and pedestrian. 
DESIGN TYPE: I-beam girders. 
MATERIALS USED: 
Longitudinal member: six by 20-inch I-beam 
with angle stiffeners. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Stone. 
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MATERIALS USED—Continued 
Piers: Four- by 12-inch H-column_ bents 
with 3- by 3- by 3¢-inch angles for diagonal 
bracing. 

SPECIAL FEATURES: H-column of bents set 
in concrete footing. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards because of lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material good for 
concrete. 

DAMAGE — EXTENT: Superficial: No struc- 


tural damage to girders. Very slight damage to 


railings. Very slight damage to steel L bents: 
CAUSE: Blast and Hood. 


REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: All. 
Piers: All. 
Abutments: Both. 
REPAIRS NECESSARY 
SERVICE 
Temporary: None. 
Permanent: Replace broken concrete railings. 
Minor repairs to steel bents. 
REMARKS: Sixteen-inch water main carried by 
brackets along steel bents. 
PHOTOGRAPHS: : 
No. Direction and title 
39 Looking south at slight blast damage to 
northwest section of bridge over the 
Motoyasu-Gawa. 
South elevation showing debris against 
bents deposited by flood. 


BRIDGE 21 


TO PLACE IN 


40 


5 


Coordinates: 5H 
Over River: Motoyasu-Gawa. 
Distance from “Zero Point”: 
2,460. 
USE: Highway and pedestrian. 
DESIGN TYPE: Timber superstructure on pile 
bents. 
MATERIALS USED: 
Longitudinal member: 
10-inch per span. 
Decking: Timber, 4 by 12 inches. 
Abutments: Stone masonry. 
Piers: Seven piles per bent (10-inch diame- 
ter). 


Plan, 1,450; slant, 


Twelve log girders, 


SPECI AL FEATURES: Bridge skewed approx- 
‘imately 15°. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Spans at approximate bridge center ini- 
tially damaged by blast, later totally destroyed 
by flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 

SERVICE: 
Temporary: 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

No. 
42 


Direction and title 
Looking north at the southwest part of 
bridge over the Motoyasu-Gawa de- 
stroyed by blast and flood. 


BRIDGE 22 
Coordinates: 5H 

Over River: Motoyasu-Gawa. | 

Distance from “Zero Point”: Plan, 260; slant, 
2,020, 

USE: Highway and pedestrian. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: 
depth. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Concrete faced with masonry. 
Piers: Concrete faced with masonry. 

SPECIAL FEATURES: Girders haunched at 
supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good for con- 
crete and masonry. 


Thirty inches in 


DAMAGE—EXTENT: No structural damage to 


girders. Concrete railings completely  de- 
stroyed. Ornamental posts dislodged. 


CAUSE: Blast. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: All. 
Piers: All. 
Abutments: Both. 


.REPAIRS NECESSARY TO PLACE IN 
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SERVICE: 

Temporary: None. 

Permanent: Replace railings. Replace and 
reset ornamental posts. Resurface part of 
deck near abutments. 

REMARKS: Nearest bridge to the zero point 
covered in the survey carrying a 16-inch water 
line. 

PHOTOGRAPHS: 

No, 

43 


Direction and title 
Superficial blast damage to bridge over 
the Motoyasu-Gawa. 


44 North elevation. No structural damage. 

45 Stone posts and railings damaged by 
blast. 

46 Blast effect on ornamental stone posts. 


BRIDGE 23 


Coordinates: 4H 


Over River: Ota-Gawa. 

Distance from “Zero Point”: Plan, 860; slant, 
2.170, 

USE: Highway and pedestrian. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: Thirty-nine inches in 
depth. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete faced with stone ma- 
sonry. 

Piers: Concrete. 

SPECIAL FEATURES: Girders haunched at 
supports. Girders abutting the south fact of 
Bridge 24 are cantilevered. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 


QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good for con- 
crete and masonry. 

DAMAGE—EXTENT: Superficial. No struc- 
tural damage to piers. Ornamental posts at 
south end of bridge slightly dislodged. Con- 
crete railings along both sides of bridge com- 
pletely destroyed. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 
Spans: All. 
Piers: All. 
Abutments: One. 

for this bridge. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: No repairs necessary for tem- 

porary use. 

Permanent: Replace concrete railings. Reset 

posts. 

REMARKS: None. 

PHOTOGRAPHS: 

No. Direction and title 

47 Looking east at west elevation of Bridge 
23. Note cantilever span to Bridge 24 
over the Ota-Gawa. 

48 Cast-iron post sections 5 feet on center for 
concrete railing sheared off east curb by 
blast. 

49 Cast-iron post sections and concrete rail- 
ing along west curb destroyed by blast. 


BRIDGE 24 


Note: only one abutment 


TO PLACE IN 


Coordinates: 4H 
Over River: Ota-Gawa. 
Distance from “Zero Point”: Plan, 1,000; slant, 
2,230, 
USE: Highway, pedestrian and trolley. 
DESIGN TYPE: Plate girder. 
MATERIALS USED: 
Longitudinal member: Forty-eight inches in 
depth. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Concrete faced with stone ma- 


sonry. 
Piers: Concrete with stone masonry at cor- 
ners. 


SPECIAL FEATURES: Girders haunched at 
supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good for con- 
crete and masonry. 


- DAMAGE—EXTENT: Several main members 


slightly deflected. Concrete railings destroyed. 
Granite curbs and concrete walks partly de- 
stroyed. Concrete deck damaged. Trolley 
rails displaced at bridge ends. Ornamental 
stone posts of bridge damaged. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: No repairs necessary for tempo- 
rary service. 

Permanent: Replace railings. Reset all 
power poles. Remove and replace all dam- 
aged walks, curbs, and roadway deck. Re- 
surface part of deck. 

REMARKS: Carried a double-track trolley line. 
The most used and outstanding bridge of the 
city of Hiroshima. It was the aiming point of 
the atomic bomb dropped at Hiroshima. 

PHOTOGRAPHS: 

No. Direction and title 

50 North elevation of bridge over Ota-Gawa. 
Concrete walk and railing damaged by 
blast. 

51 Southeast part of bridge over Ota-Gawa. 
Railings damaged by blast. 

52 Blast damage to southwest section. Con- 
crete walk raised 20 inches above origi- 
nal road grade. Granite curbs moved 
914 inches south from original position, 

53 North elevation adjacent to east abut- 
ment. No structural damage to plate 
girders. 


TO PLACE IN 


PHOTOGRAPHS—Continued 
No. Direction and title 
54 Portion of north granite curb and walk. 
Drain scupper west of bridge 23 ele- 
vated 20 inches above road grade by 
blast effects. 

Portion of north granite curb and walk. 
Drain scupper east of bridge 23 ele- 
vated 24 inches above road grade. 

North concrete walk raised 38 inches 
above cross steel members, supporting 
the north walk, by blast effects. 

Blast effects moved roadway slab later- 
ally 15 inches north and raised it 14 
inches above original position. Note 
pushed-up scupper. 

Northwest corner of bridge showing blast 
damage to concrete walk, granite curb, 
and roadway concrete deck. 

Northeast corner of bridge showing blast 
damage to concrete walk and granite 
curb. 

Intersection of Bridge 23 and Bridge 24. 
Rails of south trolley tracks pushed up 
8 inches above original road grade by 
blast. 

Blast damage. Cast-iron post sections at 
northwest corner of intersection of 
Bridges 23 and 24. Post sections 5 feet 
on center for concrete railings of 
Bridge 23 and 6 feet on center for 
Bridge 24. 

Northeast corner, steel-plate girder. No 
structural damage by blast. 

Underside of steel plate girders and cross- 
members at east abutment. Slight de- 
fection. 

Underside of steel-plate girders and cross- 
members at west abutment. No struc- 
tural damage. 

Secondary framing of exterior girder 
under north walk at approximate 
bridge center. No structural damage. 

Inside faces of plate girders fourth span 
from east abutment under north walk. 
Deflected slightly by blast. 

Inside faces of plate girders. Fifth span 
from east abutment under north walk. 
Deflected slightly by blast. 

East end of bridge. Slght deflection in 
trolley rails due to shifting of bridge 
deck by blast. 


or 
Or 
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67 


68 
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PHOTOGRA PHS—Continued 
No. Direction and title 
69 West end of bridge. Trolley rails moved 
laterally 15 inches to the north as blast 
effect shifted bridge deck. 

Intersection of Bridge 23 (left) and 
Bridge 24- (right). All damage from 
blast effects. Bridge 23 (860 feet to 
1Z, 2,170 feet to AZ). Bridge 24 
(1,000 feet to GZ, 2,230 feet to AZ). 


BRIDGE 25 


70 


Coordinates: 3H 

Over River: Ota-Gawa. 

Distance from “Zero Point”: Plan, 5,200; slant, 
5,570. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

Longitudinal member: Seven reinforced-con- 
crete beams, 13 by 24 inch per span. 

Decking: Reinforced concrete (8 
asphaltic wearing surface. 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES: Some of the longitudi- 
nal beams were haunched at supports. Bridge 
is skewed. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, bridges were designed to carry lower 
loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: Moderate to piers. Su- 


perficial to coping. One pier entirely destroyed 


inches) 


and one pier partly damaged by flood. Deck 
over damaged piers also partly broken. Coping 
blown off by blast along both railings. Railing 


very slightly damaged by blast. 
CAUSE: Flood. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: All. 
Piers: All. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary: For heavy traffic loads, bents to 
be rebuilt and spans restored. 


REPAIRS NECESSARY TO PLACE IN 

SERVICE—Continued 
Permanent: Restore two spans and two bents. 
Also restore coping for railings and repair 

part of the railings. 

REMARKS: Portion of two spans, continuous 
section unsupported for complete length. 
Bridge opened to light traffic. 

PHOTOGRAPHS: 

No. Direction and title 

71 Looking north at west elevation of bridge 
over Ota-Gawa. Flood damage. Su- 
perficial damage to concrete coping by 
blast. 


BRIDGE 26 
Coordinates: 3H 


Over River: Ota-Gawa. 

Distance from “Zero Point”: Plan, 5,750; slant, 
6,100. 

USE: Railroad. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: Seventy-eight inches 
in depth. 

Decking: Ties and rails. 

Abutments: Concrete. 

Piers: Concrete faced with brick. 

SPECIAL FEATURES: Bridge skewed slightly. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridge would 
carry normal railroad loadings. Comparable 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
tures in United States. Materials good for con- 
crete and masonry. 

DAMAGE—EXTENT: No structural damage to 
girders. Discoloring of old paint due to bomb 
effects along the south side of bridge. North 
face unaffected. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY TO 
SERVICE: 

Temporary: None. 
Permanent: None. 


PLACE IN 


REMARKS: Carries a double-track railroad. 
PHOTOGRAPHS: 
No. Direction and title 
72 South elevation of undamaged, double- 
track railroad bridge over Ota-Gawa. 
73 Paint on the south elevation of girders 
discolored by exposure to bomb effects. 
74 Paint on the north elevation of girders 
unaffected by bomb effects. 


BRIDGE 27 
Coordinates: 3G 


Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 4,360; slant, 
4,790. 

USE: Highway and pedestrian. 

DESIGN TYPE: Steel arch. 

MATERIALS USED: 

Longitudinal member : Box chord. Top mem- 
bers of truss. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete. 

Piers: None. 

SPECIAL FEATURES: Tied arch at anchorage 

with 5- by 8-inch I-section vertical members. No 
diagonal bracing. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good for 
masonry. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Entire single span. 
Piers: None used. 
Abutments: Both. 

REPAIRS NECESSARY TO 
SERVICE: 

Temporary: None. 
Permanent: None. 
REMARKS: Carrying a 10-inch water main. 


PLACE IN 


PHOTOGRAPHS: 
No. 
(6 


Direction and title 
West eleVation of bridge over the Temma- 
Gawa undamaged. Paint on the mem- 
bers of the east elevation were dis- 
colored by exposure to bomb effects. 
Steel members of the west elevation 
were slightly discolored. 


BRIDGE 28 


Coordinates: 3G 


Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 4,430; slant 
4,840, 

USE: Highway, pedestrian and trolley. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: ‘Timber beams. 
Decking: Timber. 

Abutments: Concrete. 

Piers: Timber pile bents. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: -Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 
Piers: None. 
Abutments: Both. 

REPAIRS NECESSARY 

SERVICE: 
Temporary : 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

No. 


p] 


TO PLACE IN 


Direction and title 

76 Looking north at remains of bridge at 
north abutment over tne Temma-Gawa 
destroyed by flood. 


BRIDGE 29 
Coordinates: 5G 
Over River: Ota-Gawa. 
Distance from “Zero Point”: Plan, 1,190; slant, 
2,310 
10. 
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USE: Highway and pedestrian. 

DESIGN TYPE: Steel truss. 

MATERIALS USED: 

Longitudinal member: Box chord for top 
members of truss. Eye-bars for tension 
members. 

Decking :, Timber. 

Abutments: Concrete faced with masonry. 

Piers: Concrete faced with masonry. 

SPECIAL FEATURES: Pin-connected _ steel 
truss of unusual design. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standard. Quality of materials fair for 
timber and good for masonry and concrete. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: Three new spans. 

Permanent: New bridge required with the ex- 
ception of piers and abutment. 

REMARKS: Carries 16-inch water main. 

PHOTOGRAPHS: 


TO PLACE IN 


No. Direction and title : 

77 Looking north at remains of bridge over 
the Ota-Gawa. Destroyed by blast. 

78 Looking northeast at southwest corner, 
destroyed by blast. 

79 Looking south at east abutment. Bridge 
destroyed by blast. 

80 Looking east at debris of bridge structure 
at west abutment. Bridge destroyed 
by blast. 

BRIDGE 30 


Coordinates: 5G 


Over River: Ota-Gawa. 

Distance from “Zero Point”: Plan, 1,930; slant, 
2,800, 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 


MATERIALS USED: 

Longitudinal member: Seven reinforced-con- 
crete beams, 12 by 36 inch per span. 

Decking: Reinforced concrete (6-inch) with 
asphalt wearing surface. : 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES: Longitudinal beams 
were haunched at supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material good. 

DAMAGE — EXTENT: Severe. Four center 
spans destroyed and second span from west end 
being held by reinforcing steel, at pier adjacent 
to west abutment. Major portion of railing 
destroyed. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Two spans near east end and one span 
near west end. 

Piers: Two bents near east end and one pier 
near west end. 

Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: Rebuild four spans and three 
bents between existing structures. 

Permanent: Restore four spans and three 
concrete bents, also replace railings. 

REMARKS: Nearest reinforced-concrete bridge 
to the zero point. 

PHOTOGRAPHS: 

No. 
81 


Direction and title 
Looking north at flood-damaged highway 
bridge over the Ota-Gawa. 


82. Roadway deck and girder reinforcing 
steel. 
83 Steel reinforcement in concrete girder. 
84 Roadway deck and girder, reinforcing 
steel. 
BRIDGE 30A 


Coordinates: 5G 


Over River: Ota-Gawa. 


Distance from “Zero Point”: Plan, 1,880; slant, 
2,750. 

USE: Water crossing. 

DESIGN TYPE: Steel truss. 

MATERIALS USED: 

Longitudinal member: 3- by 3- by %¢-inch 
angles. 

Decking: 2- by 2- by 14-inch angles, 14- by 
2-inch bars comprising the steel bracing. 

Abutments: Stone masonry. 

Piers: Concrete. 

SPECIAL FEATURES: Bow truss. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridge would 
carry normal aqueduct loadings. Comparable 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
tures in United States. Materials good for con- 
crete and masonry. 

DAMAGE—EXTENT: Slight. 
of truss slightly deformed.. 

CAUSE: Blast. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: None. 

REMARKS: 

Aqueduct, carrying a 16-inch water line. 


Steel members 


TO PLACE IN 


PHOTOGRAPHS: 


134 


Direction and title 
North elevation of bridge over the Ota- 
Gawa slightly damaged by blast. 
Aqueduct carrying a 16-inch water 
main. 
86 Looking northeast at corner of west 
abutment. Steel truss members slightly 
damaged by blast. Note damaged coy- 
ering of 16-inch water main. 


BRIDGE 31 


No. 
85 


Coordinates: 6G 


Over River: Ota-Gawa. 

Distance from “Zero Point”: Plan, 4,570; slant, 
5,000. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 


MATERIALS USED: 

Longitudinal member: Seven reinforced-con- 
crete beams, 16 by 20 inch per span. 

Decking: Reinforced concrete with asphalt 
wearing surface. 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES: Longitudinal beams 
were haunched at support. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: Severe. All spans de- 
stroyed except one on east end and four spans 
on the west end of bridge. Railing, also, partly 
destroyed. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Four near west end and one span near 
east end. 

Piers: Five concrete bents. 

Abutments: Both. 


REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: Rebuild seven spans and _ six 
bents. 


Permanent: Restore seven concrete spans and 
six concrete bents; also, replace railings. 
REMARKS: Carrying 16-inch water main along 
the north side by bents. 
PHOTOGRAPHS: 
No. Direction and title 
87 Looking south at flood-damaged highway 
bridge over the Ota-Gawa. 
Top portion of the northwest corner post 
dislodged by blast. 


BRIDGE 32 


Coordinates: TE, F 


Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 9,400; slant, 
9,600. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 
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MATERIALS USED: 
Longitudinal member: Seven log beams (12- 
inch diameter) per span. 
Decking: Four-inch logs. 
Abutments: Stone masonry. 
Piers: Five piles, 12-inch diameter per bent. 
SPECIAL FEATURES: Unusual deck construc- 
tion. More diagonal bracing than ordinary. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards, lower design loads. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair. 
DAMAGE—EXTENT: Severe. 
CAUSE: The center portion of bridge severely 
damaged by flood. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: Approximately 16. 
Piers: Approximately 16. 
Abutments: Both. 
REPAIRS NECESSARY -TO PLACE IN 
SERVICE: 
Temporary: Replace 15 bents and 16 spans. 
Permanent: Replace 15 bents and 16 spans. 
REMARKS: Constant replacement of piling re- 
quired after floods. 
PHOTOGRAPHS: 
No. 
88 Looking north at flood damaged highway 
bridge over the Temma-Gawa. 


BRIDGE 33 


Direction and title 


Coordinates: 6F 


Over River: Temma-Gawa. 
Distance from “Zero Point”: Plan, 5,300; slant, 
5,650. 
USE: Highway and pedestrian. 
DESIGN TYPE: Reinforced concrete. 
MATERIALS USED: 
Longitudinal member: Five reinforced-con- 
crete beams, 13 by 18 inch per span. 
Decking: Reinforced concrete with asphalt 
wearing surface. 
Abutments: Concrete. 
Piers: Concrete bents. 
SPECIAL FEATURES: Longitudinal beams 
were haunched at supports. 


HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards, principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: Severe. Eight spans 
and seven concrete bents completely destroyed, 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Four adjacent to west abutment. 
Piers: Three concrete bents. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE 
SERVICE: 

Temporary: Rebuild eight spans and seven 
bents. 

Permanent: Restore eight concrete spans and 
seven concrete bents; also, replace railings. 

REMARKS: Carrying 16-inch water main by 
bents. 

PHOTOGRAPHS: 

No. 
89 


IN 


Direction and title 
Looking west at flood damaged bridge 
over the Temma-Gawa. 


BRIDGE 34 
G 


Coordinates: 5 

Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 3,700; slant, 
4,200, 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Timber beam. 
Decking: Timber. 

Abutments: Stone masonry. 

Piers: Four piles per bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Spreading of fires from adjacent build- 
ings. 


REPAIR AND SALVAGE: 
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EXTENT USABLE: 
Spans: None. 
Piers: None. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary : 
Permanent: New bridge required. 
REMARKS: Constant replacement of piling 
after floods. 


PHOTOGRAPHS: 


INO. iE <4 Direction and title 
90 Looking west at timber bridge over the 
Temma-Gawa, completely destroyed by 
fire. 
BRIDGE 35 


Coordinates: 5G 


Over River: Temma-Gawa. 
Distance from “Zero Point”: Plan, 3,190; slant, 
3,750, 
USE: Trolley (double track). 
DESIGN TYPE: I-beam girder. 
MATERIALS USED: 
Longitudinal member : I-beam (24-inch) with 
angle stiffeners. 
Decking: Ties and rails. 
Abutments: Stone. 
Piers: H-column bents with diagonal bracing. 
SPECIAL FEATURES: Steel H-column poles 
carrying trolley overhead electric system. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair for 
timber. 
DAMAGE—EXTENT: Complete destruction. 
CAUSE: Flood. 
REPAIR AND SALVAGE: 
IXTENT USABLE: 
Spans: None. 
Piers: None. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE 
SERVICE: 
‘Temporary : 
Permanent: New bridge required. 
REMARKS: Carried a double-track trolley line. 


IN 


PHOTOGRAPHS: 
No. Direction and title 
98 Looking north at remains of bridge (at 
east abutment) over the Temma-Gawa, 
completely destroyed by flood. ’ 
Looking west at remains of trolley bridge 
(at west abutment) destroyed by flood. 


BRIDGE 36 


92 


~_ 


Coordinates: 5G 


Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 3,200; slant, 
3,760. 

USE: Pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Five log beams (12- 
inch diameter) per span. 

Decking: Timber, 2 by 6 inches. 

Abutments: Stone masonry. 

Piers: Three pile (12-inch diameter) bents. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 
Piers: None. 
Abutments: Both. 

REPAIRS NECESSARY 

SERVICE: 
Temporary: 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

No. 

93 Looking west at remains of bridge (east 
and west abutments) over the Temma- 
Gawa, completely destroyed by flood. 


BRIDGE 37 


TO PLACE IN 


Direction and title 


Coordinates: 5G 
Over River: Temma-Gawa. 
Distance from “Zero Point”: Plan, 3,220; slant, 
» fara 
Osf Q, 
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USE: Highway and pedestrian. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: Fifty inches in depth. 
Decking: Timber, 4 by 12 inches. 
Abutments: Concrete. 

Piers: Concrete. 

SPECIAL FEATURES: Fourteen-inch water 
main carried by brackets along the south side. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 

States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair for 
wood. 

DAMAGE—EXTENT: Severe. Two spans and 
one pier completely destroyed, adjacent to west 
abutment. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: Two. 
Piers: Two. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: One pier and two spans. 
Permanent: One pier and two spans. 

REMARKS: Destroyed spans being replaced by 
timber construction to permit immediate use of 
the bridge. 

PHOTOGRAPHS: 

No. Direction and title 
94 Looking north at plate girder, timber- 
decked highway bridge over the Tem- 
ma-Gawa. Westerly portion severely 
damaged by flood. 
Fourteen-inch water main carried by 
brackets along the south side. 


BRIDGE 38 
Coordinates: 4G 


Over River: Temma-Gawa. 

Distance from “Zero Point”: Plan, 3,750; slant, 
4,250. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 


MATERIALS USED: 

Longitudinal member: Timber beams. 

Decking: Timber. 

Abutments: Stone masonry. 

Piers: Four piles (10-inch diameter) 
bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Westerly half severely damaged by fire, 
later completely destroyed by flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 
Piers: None. 
Abutments: Both. 

REPAIRS NECESSARY 

SERVICE: 
Temporary : 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

No. 
95 


per 


TO PLACE IN 


Direction and title 
Looking west at remains of timber bridge 
over the Temma-Gawa severely dam- 
aged by fire (west half) and completely 
destroyed by flood. 


BRIDGE 39 
Coordinates: 4G 


Over River: Temma-Gawa. 
Distance from “Zero Point”: Plan, 3,880; slant, 
4,390. 
USE: Highway and pedestrian. 
DESIGN TYPE: Timber superstructure on pile 
bents. 
MATERIALS USED: 
Longitudinal member: Seven timber beams, 
6- by 14-inch, per span. 
Decking: Timber, 2 by 10 inches. 
Abutments: Stone masonry. 
Piers: Four piles per bent. 
SPECIAL FEATURES: None. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascertain- 
able, 
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QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 
DAMAGE—EXTENT: Complete destruction. 
CAUSE: Easterly third severely damaged by fire, 
later completely destroyed by flood. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: None. 
Piers: None. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE 
SERVICE: 
Temporary: 
Permanent: New bridge required, 
REMARKS: Constant replacement of piling, 


required after floods. 


IN 


PHOTOGRAPHS: 
No. Direction and title 
96 Looking northwest at remains of timber 
bridge over the Temma-Gawa severely 
damaged by fire, easterly one-third and 
completely destroyed by flood. 
BRIDGE 40 


3G 


Over River: Fukushima-Gawa. 

Distance from “Zero Point”: Plan, 5,360; slant, 
5,700. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Seven timber beams, 
6 by 14 inch per span. 

Decking: Timber, 2 by 10 inches. 

Abutments: Concrete. 

Piers: Four piles, 10-inch diameter per bent. 

SPECIAL FEATURES: Used stapled connec- 
tions rather than steel bolt. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair. 

DAMAGE—EXTENT: Severe. 

CAUSE: The northerly portion of bridge severely 
damaged by fire. 

REPAIR AND SALVAGE: 


Coordinates: 


EXTENT USABLE: 
Spans: Eight (southerly portion of bridge). 
Piers: Eight ( southerly portion of bridge). 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary: Replace 10 spans and 9 bents. 
Permanent: Replace 11 spans 10 bents. 
REMARKS: Constant replacement of piling re- 
quired after floods. 
PHOTOGRAPHS: 
No. Direction and title 
97 Looking at bridge over the Fukushima- 
Gawa, northerly portion severely dam- 
aged by fire. 


BRIDGE 41 


Coordinates: 3F 


Over River: Between Yamate-Gawa and Fuku- 
shima-Gawa. 

Distance from “Zero Point”: Plan, 6,150; slant, 
6460. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

Longitudinal member: Four reinforced-con- 
crete beams, 12 by 14 inch per span. 

Decking: Reinforced concrete (8-inch). 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES: Longitudinal beams 
were haunched. Simply supported. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND: SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: None. 
REMARKS: Structure well protected from blast. 


TO PLACE IN 


731568—47—_—10 


PHOTOGRAPHS: 
No. Direction and title 
98 Looking west at undamaged concrete 
bridge between the Yamate Gawa and 
the Fukushima Gawa. 


BRIDGE 42 


Coordinates: 4F 


Over River: Fukushima-Gawa. 

Distance from “Zero Point”: Plan, 5,100; slant, 
5,490. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Timber beams. 

Decking: Timber, 2 by 6 inches. 

Abutments: Stone masonry and timber. 

Piers: Four piles (10-inch diameter) per 
bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials fair. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Bridge completely destroyed by flood 
with the exception of one span near the west 
abutment and two bents. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: One. 
Piers: Two. 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary: Replace 13 spans and 13 bents. 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 

Nov Direction and title 

99 Looking west at remains of timber bridge 
(east and west abutments) over the 
Fukushima-Gawa destroyed by flood. 


BRIDGE 43 


Coordinates: 4F 


Over River: Fukushima-Gawa. 


Distance from “Zero Point”: Plant, 5,180; slant, 
5,510. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Timber logs 4 per 

span. 

Decking: Timber. 

Abutments: Stone masonry. 

Piers: Four piers per bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: The two mid-spans initially damaged 
by blast, later completely destroyed by fire which 
spread to adjacent buildings. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: None. 

Piers: None. 

Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 
SERVICE: 

Temporary : 

Permanent: New bridge required. 

REMARKS: A new timber bridge was erected 
for urgent use immediately after blast and fire 
damage. 

PHOTOGRAPHS: 

No. 

100 Looking south at north elevation of 
newly constructed timber bridge over 
the Fukushima-Gawa. Old bridge 
was destroyed by blast and fire. 


BRIDGE 44 


Coordinates: 


Direction and title 


4F and 5F 


Over River: Fukushima-Gawa. 
Distance from “Zero Point”: Plan, 5,300; slant, 
5,650. 
USE: Trolley. 
DESIGN TYPE: L-beam girder. 
MATERIALS USED: 
Longitudinal member: I-beam 24-inch with 
angle stiffeners. 
Decking: Ties and trolley rails. 
Abutments: Stone. 
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MATERIALS USED—Continued 
Piers: Four H columns per bent with diagonal 
bracing. H columns set in concrete. 
SPECIAL FEATURES: Steel, H-column, elec- 
tric poles carrying trolley overhead system. 
HOW DOES STRENGTH COMPARE WITH 
JNITED STATES BRIDGES: Below United 
States standards; lower design loads. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair for 
timber. 
DAMAGE—EXTENT: None. 
CAUSE: None. 
REPAIR AND SALVAGE: 
uX TENT USABLE: 
Spans: All, 
Piers: All. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE 
SERVICE: 
Temporary: None. 
Permanent: None. 
REMARKS: Carrying a double-track trolley 
line. 
PHOTOGRAPHS: 
No. 
101 


IN 


Direction and title 
Looking northwest at the southeast area 
of undamaged trolley bridge over the 
Fukushima-Gawa. 


BRIDGE 45 


Coordinates: 5E 


Over River: Fukushima-Gawa. 

Distance from “Zero Point”: Plan, 7,010; slant, 
7,300, 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

Longitudinal member: Five reinforced-con- 
crete beams, 13 by 18 inch per span. 

Decking: Reinforced concrete (8-inch) with 
asphalt wearing surface. 

Abutments: Concrete. 

Piers: Concrete bents. 

SPECIAL FEATURES: Longitudinal beams 
were haunched at supports. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 


QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: Moderate. Two con- 
crete spans and two concrete bents near east 
abutment partly damaged due to settlement. 
Railing also partly damaged at the southeast 
and northeast corners. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 
REPAIRS NECESSARY TO PLACE IN 
SERVICE: 
Temporary: None. 
Permanent: Restore two concrete spans and 
bents. Also replace damaged railings. 

REMARKS: Bridge opened to light traffic. 

PHOTOGRAPHS: 

No. Direction and title 

102. Looking northwest at the southeast area 
of concrete highway bridge over the 
Fukushima-Gawa moderately dam- 


aged by flood. 
BRIDGE 46 


Coordinates: 5E 


Over River: Yamate-Gawa. 

Distance from “Zero Point”: Plan, 8,090; slant, 
8,350. 

USE: Highway and pedestrian. 

DESIGN TYPE: Timber superstructure on pile 
bents. 

MATERIALS USED: 

Longitudinal member: Timber beams. 
-Decking: Timber. 

Abutments: Stone masonry. 

Piers: Four piles per bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Flood. 

REPAIR AND SALVAGE: 


EXTENT USABLE: 
Spans: None. 
Piers: None. 
Abutments: Both. 
REPAIRS NECESSARY TO 
SERVICE: 
Temporary : 
Permanent: New bridge required. 
REMARKS: Constant replacement of piling re- 
quired after floods. 
PHOTOGRAPHS: 


No. Direction and title 


PLACE IN 


103 Looking west at remains of timber 
bridge over the Yamate-Gawa com- 
pletely destroyed by flood. 


BRIDGE 47 


Coordinates: 4E 


Over River: Yamate-Gawa. 
Distance from “Zero Point”: Plan, 7,450; slant, 
7,700. 
USE: Trolley. 
DESIGN TYPE: I-beam girder. 
MATERIALS USED: 
Longitudinal member: I-beam 24 inch with 
angle stiffeners. 
Decking: Ties and trolley rails. 
Abutments: Stone and concrete. 
Piers: Four H-columns per bent with diago- 
nal bracing. H-columns set in concrete.. 
SPECIAL FEATURES: Steel H-column, elec- 
tric poles carrying trolley overhead system. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards; lower design loads. 
QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge structure were below United 
States standards. Quality of material fair for 
timber. 
DAMAGE—EXTENT: None. 
CAUSE: None. 
REPAIR AND SALVAGE: 
EXTENT USABLE: 
Spans: All. 
Piers: AM, 
Abutments: Both. 
REPAIRS NECESSARY TO 
SERVICE: 
Temporary: None. 
Permanent: None. 


PLACE IN 


REMARKS: Furthermost trolley bridge from the 
zero point. Carrying double-track trolley line. 
PHOTOGRAPHS: 
No. 
104 Looking at undamaged trolley bridge 
over the Yamate-Gawa. 


BRIDGE 48 


Direction and title 


Coordinates: 4E 


Over River: Yamate-Gawa. 

Distance from “Zero Point”: Plan, 7,130; slant, 
7,400. 

USE: Highway and pedestrian. 

DESIGN TYPE: Plate girder. 

MATERIALS USED : 

Longitudinal member: 42 inches in depth. 

Decking: Reinforced concrete with asphalt 

wearing surface, 
Abutments: Concrete. 
Piers: Concrete with stone facing at croners. 
SPECIAL FEATURES: Girders not haunched. 
HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: More massive. 
Generally, the bridges were designed to carry 
lower loadings than is American practice. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details and arrange- 
ments of the bridge were below United States 
standards. Quality of materials good for con- 
crete and masonry. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 

Piers: All. 

Abutments: Both. 

REPAIRS NECESSARY TO PLACE 
SERVICE: 

Temporary: None. 

Permanent: None. 

REMARKS: Carrying 12- and 14-inch water 
mains. 


IN 


PHOTOGRAPHS: 
No. Direction and title 
105 Looking north. Showing the south 
elevation. 
BRIDGE 49 


Coordinates: 3F 


Over River: Yamate-Gawa. 
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Distance from “Zero Point”: Plan, 6,380; slant, 
6,650. 

USE: Pedestrian. 

DESIGN TYPE: Timber 
bents. 

MATERIALS USED: 
Longitudinal member : 
Decking: Timber. 
Abutments: Stone masonry. 

Piers: Two piles per bent. 

SPECIAL FEATURES: None. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Not ascer- 
tainable. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Not ascertainable. 

DAMAGE—EXTENT: Complete destruction. 

CAUSE: Flood. | 

REPAIR AND SALVAGE: 

EXTENT USABLE: 
Spans: None. 

Piers: None. 
Abutments: None. 

REPAIRS NECESSARY 

SERVICE: 
Temporary : 
Permanent: New bridge required. 

REMARKS: Constant replacement of piling re- 
quired after floods. 

PHOTOGRAPHS: 
No. 

106 Looking northwest at remains of timber 
foot bridge over the Yamate-Gawa 
destroyed by flood. 


BRIDGE 50 


superstructure on 


TO PLACE IN 


Direction and title 


Coordinates: 3G 


Over River: Yamate-Gawa. 
Distance from “Zero Point”: Plan, 6,580; slant, 
6,900. 
USE: Railroad. 
DESIGN TYPE: Plate girder. 
MATERIALS USED: 
Longitudinal member: Forty-nine inches in 
depth. 
Decking: Ties and rails. 
Abutments: Concrete. 
Piers: Concrete faced with brick masonry at 
corners. 
SPECIAL FEATURES: Skewed approximately 


45° 


HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridge would 
carry normal railroad loadings. Comparable 
with similar structures in United States. 

QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar struc- 
turesin United States. Materials good for con- 
crete and masonry. 

DAM AGE—EXTENT: No structural damage to 
girders, only discoloring of old paint along the 
south face of bridge. North face unaffected. 

CAUSE: Bomb effects. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. ; 
Abutments: Both. 

REPAIRS NECESSARY TO PLACE IN 

SERVICE: 
Temporary: None. 
Permanent: None. 

REMARKS: Carrying a double-track railroad 
line. 

PHOTOGRAPHS: 

No. 
107 


Direction and title 
South elevation. Undamaged _ plate- 
girder, railroad bridge over the Ya- 
mate-Gawa. Paint of girders on the 
south elevation slightly discolored by 
exposure to bomb effects. North ele- 
vation unaffected by bomb effects. 


BRIDGE 51 
Coordinates: 3G 


Over River: Underpass. 

Distance from “Zero Point”: Plan, 6,450; slant, 
6,780. 

USE: Railroad. 

DESIGN TYPE: Plate girder. 

MATERIALS USED: 

Longitudinal member: Forty-eight and 36 
inches in depth. 

Decking: Ties and rails. 

Abutments: Concrete. 

Piers: Concrete. 

SPECIAL FEATURES: Skewed approximately 
45°, 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Bridges would 
carry normal railroad loads. Comparable with 
similar structures in United States. 
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QUALITY OF CONSTRUCTION AND MA- 
TERIALS: Comparable with similar structures 
in United States. Materials good for concrete 
and masonry. 

DAMAGE—EXTENT: No structural damage to 
girders. Only discoloring of old paint due to 
bomb effects along the south face of bridge. 
North face unaffected. 

CAUSE: Bomb effects. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 

REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: None. 
REMARKS: Carrying a double-track railroad 

line. 

PHOTOGRAPHS: 

No. Direction and title 

108 South elevation. Undamaged, plate- 
girder, railroad bridge and underpass. 
Paint of girders on the south eleva- 
vation slightly discolored by exposures 
to bomb effects. North elevation un- 
affected by bomb effects. 

109 Showing printed information on the face 
of the north plate girder at east abut- 
ment, Cooper E-40 loading. 


BRIDGE 52 


TO PLACE IN 


Coordinates: 8J 


Over River: Creek. 

Distance from “Zero Point”: Plan, 12,200; slant, 
12,450. 

USE: Highway and pedestrian. 

DESIGN TYPE: Reinforced concrete. 

MATERIALS USED: 

‘Longitudinal member: Three reinforced-con- 
crete beams, 13 by 21 inch per span. 
Decking: Seven-inch reinforced concrete. 
Abutments: Concrete. 

Piers: Concrete. 

SPECIAL FEATURES: Longitudinal beams 
were haunched at support with cantilever spans 
at center of bridge. 

HOW DOES STRENGTH COMPARE WITH 
UNITED STATES BRIDGES: Below United 
States standards principally because of lower 
design loads. 


QUALITY OF CONSTRUCTION AND MA- 
TERIALS: The design, details, and arrange- 
ments of the bridge structure were below United 
States standards. Quality of materials good. 

DAMAGE—EXTENT: None. 

CAUSE: None. 

REPAIR AND SALVAGE: 

EXTENT USABLE: 

Spans: All. 
Piers: All. 
Abutments: Both. 
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REPAIRS NECESSARY 
SERVICE: 

Temporary: None. 
Permanent: None. 
REMARKS: Furthermost bridge from the zero 

point. 


PHOTOGRAPHS: 


No. Direction and title 


TO PLACE IN 


110 General oblique view showing most re- 
mote bridge included in study, 12,200 
feet to GZ, 12,450 feet to AZ. 


SECTION XIII 
DAMAGE TO SERVICES AND UTILITIES 
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A. CITY ELECTRIC RAILWAY AND BUS 
SYSTEM 


1. Summary 

a. Trafic. “Hiroshima, a city of approximately 
245,000 persons, depended almost entirely upon 
the Hiroshima Electric Railway Co., Inc., for 
transportation within the city itself and to the 
outlying districts, including the resort town of 
Miyajima, about 10 miles to the southwest. The 
greatest recorded passenger traffic per month was 
4,200,000 persons within the city and 800,000 per- 
sons using the Miyajima line during July 1945. 

b. Equipment. The Sendamachi station, with 
the main offices, converter station, and warehouses 
and repair units within the station area was the 
base of operations. The Yagurashita converter 
station was situated in another part of town and 
divided the power output required to operate the 
system. Figure 1 shows the location of the sta- 
tions and the extent of the railway system. Both 
stations, Sendamachi and Yagurashita, received 
electrical power from the Chugoku Electric Co., of 
Hiroshima, at 22 kilowatts AC, transforming and 
converting the alternating current to 600 volts 
DC, which was the operating voltage. 

c. Street Railway Cars. The railway company 
operated 125 cars, the largest of which weighed 18 
tons empty and 26 tons loaded, and was rated at 
37.3 kilowatts. An overhead system provided elec- 
tric power to the cars for operation. 

d. Transmission System. The overhead system 
was supported by wood, steel, and concrete poles, 
and a single copper conductor per pair of rails 
provided the electric power for the street railway 
cars. The entire 15.5 miles of the system within 
the city were double track, as were 6 of the 10 miles 
of the Miyajima section. The rails were of United 
States and Japanese manufacture, having a gauge 
of 4 feet 8.5 inches, set on 8-inch ties 7 feet long. 

e. Bridges. Because of the delta formation of 
the city, 8 bridges constructed of timber and steel 
were required to complete the track system. 

f. Buses. The company employed 85 buses to 
serve areas not reached by street cars. Since gaso- 
line was so scarce, buses were driven on a gaseous 
fuel which was produced by a unit carried on each 
bus as a part of the equipment. 

g. Damage to Buildings. The atomic bomb ex- 
ploded at 2,000 feet above ground zero (GZ) which 
is indicated on Figure 1. Primary blast damage 
put the whole transportation system out of service. 
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Buildings and equipment at Sendamachi and 
Yagurashita, 6,700 and 900 feet distant from GZ, 
respectively, were damaged sufficiently to be in- 
operative. The extent of damage to buildings and 
equipment is indicated on Table 1. Fires that fol- 
lowed completed the destruction at Yagurashita, 
but the existence of a firebreak north of Senda- 
machi prevented the ignition of its buildings. The 
converting equipment at Sandamachi was repaired 
by 9 August 1945. . 

h. MAE for Buildinas. The buildings perti- 
nent to this report, including installations and 
equipment (Table 1), are classified by the building 
damage section of this report. Any conclusions 
for the mean areas of effectiveness (MAE) con- 
tained in that section will apply also for buildings 
in this section. 

i. Damage to Rolling Stock. Of the 128 cars 
operated by the company, 25 were damaged by fire 
and 56 by blast. Of the 85 motor buses, 18 were 
damaged by fire and 22 by blast. Cars and buses 
within a radius of 1,500 feet of GZ were ignited 
by radiant heat. Because of the nonuniform dis- 
tribution of the cars and buses no attempt has 
been made to calculate MAK’s. Maximum and 
minimum radii for total, heavy, and shght damage, 
however, have been drawn graphically on Figure 4. 

}. Damage to Overhead System. Blast and fire 
damaged 11.4 miles of the overhead transmission 
system which included 500 wood and 100 steel 
poles. No damage occurred to concrete poles, the 
nearest of which were 6,000 feet from GZ. Wood 
poles were damaged at a maximum distance of 
4,500 feet from GZ, and steel poles, 3,500 feet. 
Overhead transmission cable was blown down by 
blast at 8,000 feet from GZ. The steel-rail pole 
(Type 2, Fig. 3) or its equivalent seemed best 
suited to support an overhead transmission system 
for street railway transportation, rather than wood 
or latticed-steel poles, as a protective measure 
against an attack of this type. 

k. Damage to Bridges. With the exception of 
the bridge crossings (Table 5), no damage occurred 
to the track system. Since the bridges referred to 
in this section are covered by the Bridge Damage 
Section, all data in connection with damage to 
bridge crossings will be found in Section XII of 
this report. 


2. The System 
a. The locations of all buildings, substations, 


and overhead systems of the Hiroshima Electric 
Railway Co., Inc., are indicated on Figures 1 and 
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2. With the exception of the areas noted on figure 
1, the company served the entire city with street 
‘ailway transportation, including a connection to 
Miyajima, a resort approximately 10 miles south- 
west of Hiroshima with a junction point at Koi. 
The entire system, including the route to Miya- 
jima, was electrified. The remaining areas were 
serviced by motorbuses. Due to the delta forma- 
tion of Hiroshima made by the Ota River branch- 
ing into six channels, namely, the Enko,. the 
Kyobashi, the Motoyasu, the Ota, the Temma and 
the Koi Rivers, a number of bridge crossings was 
necessary to service each island of the delta. Since 
there were fewer than 25 private vehicles in Hiro- 
shima, travel by bus, street railway, or railroad 
was necessary. Within the city proper the great- 
est recorded traffic occurred during the month of 
July 1945. It amounted to 4,200,000 passengers, 
with an additional 800,000 carried by the Miya- 
jima branch line. These figures included bus 
traftic. 

b. The 26 buildings on Figure 2, dispersed over 
an area of 4.7 acres, constituted the Sendamachi 
station which served as offices, repair units, ware- 
houses and converter station (Buildings 2 and 24 
of Fig. 2 are also Buildings 35A and 35B of the 
Building Damage Section). _ Figure 1 also indi- 
cates the Yagurashita station which is a single 
unit supplying power to that part of the city, and 
is classified as Building 3 in the Building Damage 
Section. 
9) 


a 


Usage and areas of buildings on Figure 
are shown in Table 1. 

c. The company purchased its electric power 
from the Chugoku Electric Co., a subsidiary of the 
Nippon Electric Company, for the two converter 
stations at Sendamachi and Yagurashita. Both 
converter stations received electric power at 22 
kilovolt AC and converted it to operating voltages 
of 660 volts DC. Converting equipment at each 
station was as follows: 

(1) Sendamachi converted station: One iron- 
case rotary converter, German Deutsch type, 500 
kilowatt at 600 volts DC, manufactured by the 
Japan Electric Co., Kyoto, Japan. One motor- 
generator set, General Electric type MP, 300 kilo- 
watt at 600 volts DC, manufactured by General 
Electric Co., U.S. A. 

(2) Yagurashita converter station: One mer- 
cury rectifier, glass type, 480 kilowatt at 600 volts 
DC, manufactured by the Japan Electric Co., 
Kyoto, Japan. One rotary converter, 500 kilo- 
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watt at 600 volts DC, manufactured by the Shibura 
Electric Co., Tokyo, Japan. 

Both stations were capable of supplying power 
for 100 street railway cars under normal condi- 
tions. 

d. The Hiroshima Electric Co. operated 123 
vars, 12 of which were normally routed between 
Koiand Miyajima. The largest car had a capacity 
(seated and standing) of 160 passengers, weighed 
18 tons empty and 26 tons loaded, and was rated at 
37.3 kilowatt at 550 volts DC. The average speed 
of street railway traffic within the city was 15 
miles per hour, while that to Miyajima was ap- 
proximately 25 miles per hour. Since the city of 
Hiroshima was practically flat, no problem of over- 
loads was encountered. ‘Transmission of power 
was by an overhead system, and pick-up from over- 
head to car was made by a transverse bar. 

e. The company operated 85 motorbuses to pro- 
vide transportation for those areas not served by 
‘ars. Due tothe lack of gasoline, buses were oper- 
ated by a gaseous fuel which was produced by each 
vehicle. Chopped wood or coal was placed in an 
airtight container, and converted to gases by ex- 
ternally applied heat. Speeds up to 35 miles per 
hour were obtained with busses fully loaded. 

f. The repair units at Sendamachi were capable 
of repairing 50 cars a month, but at no time were 
required to handle more than 25, Garages were 
able to repair approximately 25 buses per month. 

g. The overhead system consisted of a single, 
solid copper conductor attached to steel, concrete, 
or wood poles for each pair of rails. Figure 3 and 
Figure 1 indicates the types and locations of the 
poles. The company maintained 1,000 poles 
within the city, of which 300 were steel, 670 were 
wood, and 30 were concrete. All poles were set 
approximately 150 feet apart. A joint ownership 
of poles was held by the Hiroshima Electric Rail- 
way Co., the Chugoku Electric Co., and the Gov- 
ernment Communications Agency, each maintain- 
ing the poles it had initially installed. By joint 
agreement, however, all agencies could attach 
their transmission systems to any pole. 

h. The company maintained 15.5 miles of dou- 
ble track within the city and 6 miles of double 
track between Koi and Miyajima. It also main- 
tained 4 miles of single track which met the double 
track to complete the system between Koi and 
Miyajima. The type of rail used for the major 
part of the track system was the Carnegie rail 
section, weighing 120 pounds per yard, the re- 
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SECRET 


POLES FOR ELECTRIC RAILWAY SYSTEM 


| 21/2" AT TOP - | 
''-2 1/2" AT BOTTOM 


NOTE: 
CONSTRUCTED OF USED 
MATERIAL. 


V6 HEIGHT 


wooD POLE 


TYPE | pany = 
‘ ! CONCRETE FOUNDATIONS? | 
__ 16" xi9"x 4'- 0" 


14" 0.0 AT BOTTOM SPIRAL STEEL 
8" 0.D. AT TOP APPROX. 2” PITCH 


45' HIGH” 


TYPE 5 


15/8" X15/8" x 1/8" 
GALVANIZED E> 23" x 3"x3/i6" ls 
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18"X 18" GONCRETE FOUNDATIONS 


TYPE 4 
SECRET 


SIDE VIEW U.S. STRATEGIC BOMBING SURVEY 


CONCRETE FOUNDATION 
2 8'x2'-8"x5'- 0" ELECT. RAILWAY SYSTEM POLES 


HIROSHIMA, JAPAN 
FIGURE 3-XIIL 
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Tasty 1—XIII.—Hiroshima city electric railway and bus system buildings—building data 


[Areas in thousands of square feet] 
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pts eS Eee Sed ae a pee ris ey ee ee See ee ee ae D 11 1 V4 C 6, 700 Erik Lik \.325 eae eee 
pe i Sat Se (lS Ug Cope seek 6 (se ee cy a 2] V38A C 6, 700 UY, Ut eee Fe | eee 
O25 28S ese oes CEL OU Shoragees<. ct i.e D 5 1 V4 Cc 6, 700 Dh Pa; jean alae seme Payee 
| ies aay a ohare ee Rie oe CH) “Bath Bouse. -. 5202. D .6 1 V4 C 6, 700 .6 “Li SN ee ek ee eee SO 
Yagura Shita Station__.| 7H | Substation.....--...-_-- A2,3 S-3 1 v4 C 2, 200 3:8 Ostiee see 100 | Fire and blast. 


mainder being a Japanese section approximately 
90 pounds per yard, manufactured by the Japan 
Rail Co., Kyushu. The rails were mounted on 
8- by 8-inch ties, 7 feet long. The track gage was 
4 feet 8.5 inches, measured between inside faces of 
rails. As shown on Figure 1, the city proper was 
built on a delta formation which necessitated a 
number of bridges to complete the track system. 
Table 2 lists bridges required for river crossings. 
(Data are taken from Bridge Damage Section of 
this report. ) 


TABLE 2.—River crossings 


Bridge | Grid Type ae Ownership 
4 5J | Reinforced | 246.5 | City of Hiroshima; Electric Rail- 
concrete. way Co. 
13 5I | Steel I-beam___} 297.0 | Hiroshima Electric Railway Co. 
17 7H | Plate girder___.| 644.0 | City of Hiroshima; Electric Rail- 
way Co. 
24 |4G-H |_---- do__...----| 398.0 | Preferred Government; Electric 
a Railway Co. 
28 SG Crimpers ~-.s:. - 224.0 | City of Hiroshima; Electric Rail- 
way Co. 
35 5G | SteelI-beam___| 231.0 | Hiroshima Electric Railway Co. 
44 re ee 1 (sel a ne 426.0 Do. 
47 ria) Beare (: (i eae eee 351.0 Do. 
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In the case of jointly owned bridges an agreement 
was made to facilitate construction and mainte- 
nance, and to reduce the initial cost to each agency. 


3. Analysis of Damage 


a. The following terms and definitions for build- 
ing and equipment damage have been used 
throughout this section : 

(1) Building. 

(a) Structural: Damage to principal load- 
carrying members (trusses, beams, columns, load- 
bearing walls, floor slabs in multistory buildings) 
requiring replacement or external support during 
repairs. Light members, such as purlins and 
rafters, are not included. 

(b) Superficial: Damage to purlins and other 
light members, stripping of roofing and non-load- 
bearing exterior walls. Damage to glass and in- 
terior partitions not included. 

(c) Minor: Damage to glass and interior par- 
titions, floor surfaces, and interior trimming. 

(2) Machinery, utilities, and equipment. 

(2) Total: Not worth repair. 

(b) Heavy: Requiring repair beyond capacity 


of normal maintenance staff; usually returned to 
manufacturer, 

(c) Slight: Requiring repair within capacity 
of normal maintenance staff. 

b. Of the 26 buildings (Fig. 2) which consti- 
tuted the Sendamachi station, 6,400 feet from GZ, 
only Buildings 2 and 24 were usable after the 
atomic-bomb attack. The remaining structures, 
Which were of wood-frame and timber construction 
4s indicated on Table 1, suffered structural dam- 
age from blast (Photos 1 and 2). Since no fires 
started in the Sendamachi area, all damage was 
the result of blast. A firebreak immediately north 
of the area prevented the spread of fires to the 
south and to the Sendamachi area. The Yagura- 
shita station, which was in another section of the 
city (Fig. 1) was structurally damaged by blast 
and fire. Buildings 2 and 24 of the Sendamachi 
Station and the Yagurashita station are listed as 
Buildings 35A, 35B, and 3, respectively, in Section 
X, Daniage to Buildings. The extent of damage 
to the remaining structures is given in Table 1. 

e. In order to resume business, a single room in 
Building 1 was salv aged and used as office space 
but, it being insufficient, cars that had been re- 
Paired were utilized teniparanite as additional 
Space, 

d. Because of the extent of damage to the street- 
railway and motorbus-repair units and ware- 
houses, repairs to rolling stock were curtailed 
from 50 to 10 cars and from 25 to 5 motorbuses 
per month. 

e. Equipment damage (Photo 3) in the converter 
Station at Sendamachi was slight. Busbars and 
electric distribution panels were damaged by either 
blast or falling debris, but the converter equipment 
Was not short-circuited either by debris or the sud- 
den power cut-off. Damage to the Sendamachi 
electric substation, which provided electric power 
for the converter station and the adjoining vicinity, 
interrupted electrical distribution in the section. 
By 9 August 1945, the converter station at Senda- 
machi was repaired and operative, the 22-kilovolt 
lines being shunted around the Sendamachi elec- 
tric substation, and a direct connection made to the 
city railway converter station. This action was 
possible because of the subsurface circuits to the 
Sendamachi electric substation. Both converters 
were available for use, but one was sufficient to 
operate the cars on the portion of track which was 
not damaged. 


vf. The Yagurashita station equipment, 900 feet 
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from GZ (Photo 4), suffered total damage by blast 
and fire. No equipment was salvageable. 

g. Of the 123 cars operated by the company, 99 
were in use at the time of the attack and 24 were 
held in reserve at the Sendamachi station. Of the 
85 motorbuses, 70 were being operated while the 
remaining 15 were under repairs or in reserve. In 
reporting the damage to rolling stock, the company 
officials employed other terms and definitions than 
those used in this report and the combination of 
both are defined as follows under equipment 
damage : 

(1) Total: Not worth repair. Totally burned. 

(2) Heavy: Requiring repair beyond capacity 
of normal maintenance staff; usually returned to 
manufacturer. 

(a) Partly burned. 

(6) Severe damage: Sufficient damage to pre- 
vent use of car. Damaged, collapsed framing; 
burned-out or damaged motive equipment. 

(3) Shght: Requiring repair within capacity 
of normal maintenance staff. 

(a) Moderate damage: Sufficient to prevent use 
of car temporarily-damaged seats and damaged 
motive equipment that could be readily repaired. 

(6) Slight damage: Insufficient to prevent use 
of car—broken windows, displaced seats, but no 
damaged motive equipment. 


The number of damaged and burned cars is shown 
on Figure 1. A summary of damage for both cars 
and motor busses (Table 3) follows: 


TaBLE 3.*—Damage to cars and buses 
OPERATING AT TIME OF BLAST 


sn 7 Damage by blast 
Type of vehicle eer hes Pr iarog, 
ae eavy | Heavy | Moder- 
(totally | (partly |; 2 Slight 
burned) | burned) | Severe) | ate : 
(ae ett ee ee eae 22 3 13 16 3 
Motor buses-- ------ 18 3 2 8 5 
AT THE SENDAMACHI STATION 
GE Wy: Riot el ps meereee 2 gfe (oe te | beg eee ee 10 8 6 
WiOtOROUBBSS = oer e sete | Sr Oe 5 4 3 


*Japanese classification. 


Of the 15 undamaged cars, 12 were operating on 
the Koi to Miyajima line; the remaining 3, at 10,- 
800 feet from GZ, were protected from the blast by 
buildings. The 42 undamaged motor buses were 


also operating in outlying vicinities. Railway of- 
ficials stated that cars and buses operating within 
a radius of 1,500 feet of GZ (photo 5) caught fire 
immediately on the side facing GZ. Observations 
were made of damage to cars and buses within 
the 1,500-foot radius. Evidence of ignition by 
radiant heat was found in a fire lane along the 
tracks where burned cars had been blown by blast, 
substantiating the statements of the railway of- 
ficials. Cars and buses were blown 30 feet, in 
some instances, from where they were originally 
standing. Buses adjacent to buildings were dam- 
aged by falling debris. This was especially true 
of both cars and buses that were standing in the 
Sendamachi station (Photos 6 and 7). Rolling 
stock that was burned outside the 1,500-foot radius 
was ignited by adjacent burning buildings (Photos 
Sand 9). Buses were totally damaged 4,000 feet 


from GZ, and heavily damaged 5.500 feet from GZ. ° 
? . b) 


Damaged cars and buses standing in the roadway 
were removed and placed on side areas in order to 
facilitate traffic (Photos 10, 11, and 12). The 42 
available motor buses permitted some passenger 
traffic to be maintained. By 9 August 1945 the con- 
verter station at Sendamachi was again in opera- 
tion and 8 cars were available for use, excluding 
12 cars routed to Miyajima. 

h. The traffic within Hiroshima for the month 
of October 1945 was 800,000 passengers, and 500,- 
000 were carried on the Miyajima line, which in- 
dicated a decrease of 81 percent in traffic rate for 
Hiroshima, and a 38-percent decrease for the 
Miyajima line. Because of the reduced speed and 
small number of cars, the allowable capacity of 
the large cars was raised from 160 to 200 passen- 
gers. Bus capacity was also raised approximately 
50 percent. 

7. Because the cars and buses were distributed 
through the city in a nonuniform manner (i. e., 
many were concentrated in car barns), it was felt 
that a calculated MAE would have no real signifi- 
cance. Therefore, a graphical method was chosen 
for presenting both the actual location of each 
unit at the time of the atomic-bomb explosion, and 
the extent of damage suffered by it. Figure 1 
shows. the location of each unit at 0815 hours on 
6 August 1945, the time of the attack. Figure 4 
_ presents graphically the number of units suffering 
damage in each of the three categories, total, 
heavy, and slight, giving the maximum and mini- 
mum distances at which such damage occurred. 
No minimum distance is given for total damage, 
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as an examination of the diagram indicates the 
likelihood that any unit within 2,300 feet of GZ 
(the minimum distance for units suffering less 
than total damage) would have suffered total dam- 


age. Street railway cars were totally damaged 
up to 6,700 feet and heavily damaged up to 8,400 


feet from GZ; buses suffered total and heavy dam- 
age up to 4,000 feet and 5,500 feet from GZ, 
respectively. 

j. Of the 15.5 miles of railway system, 11.4 miles 
of overhead transmission were heavily or totally 
damaged (Fig. 1) directly as a result of the blast 
or by fires subsequent to the blast. Results of a 
survey by the company, accounting for 500 wood 
poles and 100 steel poles damaged by fire and blast 
(Photos 15 through 21) owned by them are shown 
in Table 4, giving the maximum limit of damage. 


TaBLE 4.—Damage to poles 


Damage (distance in fee 

from GZ) ; 
Type of pole Material pest. ——— 

Blast Burned Tilted 

Typed. | Whe 4,500 | 6,500 | 7, 500 
TIO £2...) Beeb! TAU... 22 - 3, DUO! [a ee eee 3, 500 
Type 4__..| Built-up pole. ___ | 3,000 |. ..-~- -_| 3,500 
SIO eee sc) WCOMPCE 2 asl See oe Sepa peat Cees 


Type 3 poles were owned and maintained by the 
Chugoku Electric Co., but the Hiroshima Railway 
Co. was allowed the privilege of overhead attach- 
ment because of the joint agreement previously 
mentioned. The steel-lattice poles were bent at 
the base by the force of the blast at 6,000 feet from 
GZ (Photo 22). The concrete poles at 6,000 feet 
(Photo 23) from GZ were undamaged. Although 
poles were intact and standing, the overhead cable 
was blown down by blast 8,000 feet from GZ 
(Photo 24). Some new poles necessary to operate 
the portions of the system in use were installed, 
and the partly damaged poles were utilized. The 
whole system was of a temporary nature and re- 
placement of the majority of the overhead lines 
would have been essential for continued opera- 
tions. 

i. No actual damage to the track system, except 
at bridges, could be determined either by the rail- 
Way company or by the members of the team. 
Bridge 13 (Photos 25 and 26) was depressed ap- 
proximately 20 inches, preventing traffic over the 
Kyobashi River. Bridge 24 was subjected to a 
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PHOTO 1-XIII. Blast damage to offices and adjacent buildings at the Sendamachi substation, 
6,400 feet from GZ. 


PHOTO 2-XIII. Blast damage to warehouse at the Sendamachi substation. 
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PHOTO-3-XIII. Converter equipment at Sendamachi Substation, 6,400 feet from GZ. 


PHOTO-4-XIII. Damaged converter equipment at Yagurashita substation, 900 feet from GZ, 
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PHOTO 


XIII. Damage to car at an intersection 1,000 feet east of GZ. Damaged ear to left; 
others are in operation. 
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PHOTO 6-XIII. Damage to buses at the Sendamachi substation 6,400 feet from GZ. 


731568—47—= 14 155 


PHOTO 7-XIII. Damage to ears in ear repair unit at Sendamachi substation, 6,400 feet from GZ. 


PHOTO 8-XIII. Damage to car 2,000 feet southeast of GZ. 
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PHOTO 9-XIII. Damaged car 4,000 feet northwest of GZ. 


PHOTO 10—-XIII. Damaged car 2,000 feet east of GZ. 
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PHOTO 11—XIII. Damaged bus 2,500 feet east of GZ. 


PHOTO 12-XIII. Damage to car 3,000 feet northeast of GZ. 
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PHOTO 13—-XIII. Blast damage to pole and car 4,000 feet southwest from GZ. 
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PHOTO 14-XIII. Blast damage to cars 9,000 feet southwest of GZ. Because of the extent of damage to the overhead 
transmission system in the Eba area (Fig. 1) no effort was made to put this section of streetcar line in service and con- 
sequently return the cars in the above photograph to Sendamachi for repairs. 
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PHOTO 15-XIII. Blast damage to steel poles, 600 feet from GZ, and wood pole replacements. 


PHOTO 16—XIII. Wood poles broken off at ground by blast 600 feet from GZ. 
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PHOTO 17-XIII. Blast damage to poles 2,000 feet west of GZ. 


PHOTO 18-XIII. Bent steel and fractured wood poles 3,000 feet southeast of GZ. 
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PHOTO 19-XIIi. Blast damage to wood and steel poles 2,500 feet northwest of GZ. 


ee ed 
cies ey = 
PHOTO 20-XIII. Damaged cross arms 3,000 PHOTO 21-XIII. Blast damage to steel pole 
feet west of GZ. 3,500 feet from GZ. 
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PHOTO 22-XIII. Damage to steel poles PHOTO 23-XIII. Standing concrete poles 6,000 
6,000 feet southeast of GZ. feet east of GZ. 


PHOTO 24-XIII. Damaged overhead 8,000 feet southeast of GZ. 
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PHOTO 25-XIII. Streetcar Bridge (13) damaged by blast and flood, 4,700 feet from GZ. 


) la hl ? rl ° 
PHOTO 26-XIII. T emporary repairs to stabilize car tracks on Bridge 13. 
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PHOTO 27-XIII. East approach to Bridge 24 showing blast damage, 1,000 feet from GZ. 


PHOTO 28-XIII. West approach to Bridge 24 showing displaced tracks. 
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PHOTO 29-XIII. Bridge 17 showing high water on 23 October 1945. 


a 


PHOTO 30-XIII. Flood damage at Bridge 35. Ferry transportation across the Temma-Gawa. 
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PHOTO 31-XIII. 


PHOTO 32-XIII. 


Undamaged, street car over-crossing at Bridge 4, 6,500 feet from GZ. 


Undamaged, street car over-crossing at Bridge 44, 5,300 feet from GZ. 
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severe depressive and rebound action that dis- 
placed tracks (Photos 27 and 28) on the bridge. 
In addition to damage attributed to the attack, the 
severe floods of 17 September 1945 and 5 October 
1945 damaged Bridges 28 and 35 (Photo 30). 
Bridge 13 was also further damaged by floods. 
The following (Table 5) is taken from Section 
XII, Damage to Bridges, bound herewith, and 
indicates the damage to bridges in each instance: 


TaBLe 5.—Damage to bridges 


Dist. 
Pe oes Type Damage classification Cause 
(feet) 
4 | 6307 |67400) . Comeretes——s|IN One 2o ean ae 
13 | 51 | 4,600 | I-beam__...-| Moderate.____...________ Blast and 
flood. 
7.) TER W600: Pr lebe: errder: | AN ONG 22 ae soe Ses ee 
24| 4H | 1,000 |...-.do_...__. Sila Ue See Sees cee ei Blast. 
28 | 3G | 4,500 | Timber-_---- Complete destruction____| Flood. 
35 | 5G | 3,200 | I-beam_-____]..--- GO.2 = eh Se aen ee Do. 
44°} 4b, 300s e525 O0e-se. IN ONGiaxe eee ead 
47° |, SEF 400 ee Okt tae do_-.-.---.-55-- =. 2 


Damage classification is as follows: 

Complete destruction.—Complete destruction of structure re- 
quiring replacement of entire bridge or within 10 percent of all 
spans or bents or both; damage requiring from 90 to 100 per- 
cent replacement of spans and piers. 

Severe damage.—Complete destruction of the major part of the 
structure or such damage that would require replacement of 
more than half of the spans or bents; damage requiring replace- 
ment of between 50 and 90 percent of the spans and piers. 

Moderate damage.—Damage or destruction of whole or part of 
spans or bents of structure that could be replaced or repaired in 
a relatively short time, the amount of damage not to exceed half 
of the entire structure, i. e., damage requiring replacement of 
between 10 and 50 percent of the spans and piers. 

Slight damage.—Damage to portions of spans or piers of struc- 
ture that would necessitate a minimum of repair or replacement. 


/. Because of damaged poles and overhead sys- 
tem, the only portion of track usable after the 
attack was that between the Sendamachi substa- 
tion and Ujina, but by 12 September 1945 the sec- 
tion between Koi and the Sendamachi substation 
via Dobashi, Tokaichimachi, and Takanobashi 
was placed in service. The Japanese army as- 
sisted in these repairs in order to facilitate the 
transportation of personnel. By 12 October 1945 
the track system between Kamivacho and the ter- 
minal at the government railway station, via 
Hachobari, Matobacho, and Hiroshimaekimae, 
was operative but repairs to Bridge 13 had not 
been completed until 1 November 1945. The only 
portions of the track system not in operation were 
those between Tokaichimachi and Yokogawa, Do- 
bashi and Eba, Hachobari and Hakushima, and 
Matobacho and Senbaikyokumae. 
cates the progress of replacement. 


Figure 1 indi- 
The loss of 
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Bridge 35 during the flood period hampered trans- 
portation only insofar that passengers had_ to 
cross the river by ferry (Photo 30) or by other 
bridges on foot, and take the shuttle between Koi 


and the Temma River. 


4. Recommendations and Conclusions 

a. The Sendamachi station, which was 6,400 
feet from GZ, received severe structural damage 
by blast, but no fire damage. Buildings 2 and 24 
(Table 1) suffered only superficial damage, while 
the remaining buildings, which were poorly con- 
structed, were structurally damaged. The con- 
verter station at Sendamachi was only slightly 
damaged, being housed in Building 2, and was 
operative in a few days. ‘The Yagurashita sta- 
tion, at 900 feet from GZ, constructed of brick, 
was structurally damaged by blast and fire. Thus, 
dispersal of converter stations offered effective 
protection against the attack. 

6b. The overhead transmission system main- 
tained by the city electric railway system was par- 
ticularly vulnerable to an air-burst bomb of this 
type. The wood pole, or Type 1, although more 
easily installed and replaced, proved more vul- 
nerable to blast and fire than the steel-rail pole or 
Type 2. Comparison of the amount of replace- 
ment of both types of poles indicates that the type 
2 pole, being more resistant to fire and blast, there- 
fore requiring fewer replacements, is the more 
practical. Replacement of the overhead conduc- 
tors could be facilitated on this type of pole, and 
a greater part of the system would be operative in 
a shorter time. A subsurface system such as that 
used in some cities in the United States to elimi- 
nate an overhead transmission system appears to 
be the best solution. 


B. GOVERNMENT RAILROAD SYSTEM 


1. Summary 

a. Location, The Government railways of 
Japan was the only railway system providing in- 
tercity transportation for Hiroshima. It main- 
tained the double-track roadbed called the Sany? 
Main Line, as well as classification yards, repait 
facilities, transit sheds, and complete station” 
facilities at Hiroshima. A single-track roadbed 
connected with Ujina, the only deep-water harbor 
in this area, to provide rail to ship transportation 
for military material and personnel to continental 
Asia and other theaters of operations, Transit 
sheds and stations were also maintained at Ko! 
and Yokogawa, intermediate points within Hiro- 
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shima. Figure 5 shows all lines and stations. A 
total of 8,467 persons was employed by the Govern- 
ment railways in the Hiroshima area prior to the 
attack of 6 August 1945. 

b. Trafic. The average passenger rate per 
month was 1,824,960 persons; the average monthly 
tonnage in freight handled was 9,300 tons, requir- 
ing 620 cars. A total of 6,000 cars per month, 
a was shunted through the yards, 

c. Repair Facilities. The repair facilities were 

Peale of repairing all engines, tenders, and cars, 

with the exception if the electric cars which were 
sent to Hatabe, near Kyoto. 

d. Roadbed. The roadbed in the area was a 
fill section with a gravel ballast, as shown in 
Figure 5, 

é. Bridges. The San yo Line crossed the 
branches of the Ota River to the north, thereby 
limiting the number of over-crossings to four 
agi and a number of minor bridges for vehicu- 
lar traffic, 

f. Building Damage. ‘The majority of build- 
ings within the classification and repair area (Fig. 
7) which were between the radii of 8,000 and 10,000 
feet from GZ were damaged by blast, while those 
in the station area (Fig. 6) between the radii of 
9,500 and 7,400 feet were damaged by fire. Table 
8 indicates the extent of damage to buildings 
within the Koi and Yokogawa area. All build- 
ings in this report are classified by the Building 
Damage Section, and any conclusions drawn 
therein for the mean areas of effectiveness will also 
ee to buildings included in this section. There 

vas NO repair-equipment damage in the classifica 
tion or repair areas. 

g. Locomotive Damage. There was no damage 
to locomotives other than glass breakage. 

h. Car Damage. Of the 700 freight cars in the 
Hiroshima division, 45 were damaged by fire and 
46 by blast, amounting to 13 percent of the total; 
of the 91 passenger cars, 6 were damaged by fire 
and 77 by blast, or 93 percent of the total; and of 
the 16 electric cars, 6 were damaged by fire and 6 
by blast, or 7 5 percent of the total. The maximum 
limit of distance in which probable damage to 
freight cars might occur was approximately 6,800 
feet from GZ, but since 93 percent of the passenger 
cars were dies aged within the 6,800-foot radius 
and 75 percent. of the electric cars were damaged 
at 6,500 feet, the maximum limit for passenger and 
electric cars was beyond 6,800 feet from GZ. No 
passenger cars were found beyond the limits stated. 
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Trackage and Bridge Damage. There was no 


damage to trackage or bridge crossings. Com- 
munications and signalling facilities were not 


operative because of damage to the communica- 
tions office in the station area. 

j. Cost. The total cost of damage to the Gov- 
ernment railroads as estimated on 15 November 
1945 was 15,800,000 yen, or $38,950,000 at the 4-yen- 
to-$1 rate of exchange. 

kh. Casualties. Of the 8467 persons employed, 
198 were killed, 140 were missing, 934 were seri- 
ously injured, and 1,195 sustained minor injuries. 


2. The System 

The locations of buildings and trackage of 
the government railways systems for the Hiro- 
shima District are indicated on Figures 5, 6, and 
7, showing repair units, transit sheds, and passen- 
ger depot. 

b. The government railways, operating the bulk 
of the railroad systems in Japan, provided all 
freight and passenger transportation to and from 
Hiroshima. As noted on Figure 5, the double- 
track system known as the Sanyo Main Line skirts 
the city ina semicircle. The classification yards, 
repair yards, and passenger stations were part of 
the system. In locating the tracks at the northern 
part of the city the river crossings of the deltas of 
the Ota River were reduced to a minimum number, 
being over the Kyobashi, the Ota, and the Yamate 
Rivers. Ujina, the only island with a harbor sufli- 
ciently deep to accommodate ocean-going vessels, 
was connected to the Hiroshima freight yards by a 
single-track line to facilitate the embarking of 
military personnel and matériel for continental 
Asia. The average number of passengers trans- 
ported per month in the Hiroshima district was 
1,824,960, exclusive of military personnel. 
Through the war years the average tonnage in 
freight carried was 9,300 tons per month, requiring 
620 freight cars, but a total of 6,000 cars a month 
was routed through the freight yards. 

ce. Figures 6 and 7 indicate all the buildings 
within the limits of the Hiroshima railroad freight 
and passenger areas, including the roundhouses 
and passenger stations. This was the main sec- 
tion of the Hiroshima subdivision where major 
repairs to engines, freight and passenger cars were 
made. Minor repairs to electric cars were also 
made at Hiroshima, but major repairs were per- 
formed at the shops in Hatabe, northwest of 
Kyoto. Since all locomotives in this area were the 
coal-burning type, coal bunkers were necessary. 


The Hiroshima division maintained 3 fueling 
bunkers consisting of a 100-, a 120-, and a 150-ton 
bunker, respectively. The output of the 3 bunkers 
was 500 tons of coal per day. A 10-ton traveling 
crane was used for coaling operations. 

d. The printing office, passenger station, and 
roundhouse were surveyed by the Building Dam- 
age Section as Buildings 120, 121, and 126, respec- 
tively. All the other buildings were classified as 
wood-frame, commercial-industrial structures or 
light-frame, domestic structures. 

e. The largest locomotives in the Hiroshima 
area were those classed as D51 and D52 series 
which weighed 77 and 85 tons, respectively. The 
tender for each type was the same and weighed 
44.7 tons loaded. The drawbar pull could not be 
obtained, but the maximum train consisted of 65 
freight cars of various tonnages. The average 
train consisted of between 40 and 50 freight cars. 


TABLE 6.—Freight and passenger car sizes 


Type of Net weit | Capac 

Passenger cars: 

Rages tise eyelets Yel 35. 64 49. 64 

Blouin. a wide 25 25 Uae 34. 00 38. 00 

co AR Re eR ep aie e' 18. 81 22. 81 
Freight cars: 

einen oe ee ee ee 27. 00 50. 00 

Medline, Jlicpei ast '8 6. 00 18. 00 

Diallo ietns cuties Soe 4. 00 8. 00 


f. All rolling stock was manufactured under the 
supervision of the government railways agency. 
The rate of repairs of all rolling stock at the Hiro- 
shima district was as follows: 


TaBLe 7.—Repair data for rolling stock 


: : ‘ : : Rate of 
The freight handled in the Hiroshima freight Type reapits per 
’ R . mont 
yards, as mentioned in Paragraph 20, required the < erat: 
use of 48 locomotives per day. This figure in- ; i; ‘ as 
= : . . ocomotives s 1 an ye oe aes ii 
cluded through trains which were routed via Hiro- . tives, Types DOL and 3 
hj TI f llowi Palliat) scotia baleis F Domdera tur, 157-6nd D6F. 22-2 = 13 
shima. 1e fo owing ( able )isa abulation o Piisthger edtig®. % oy Siete ood Sane 40 
passenger and freight car sizes in tons as given Protmihieahes cua ok Sosa al ce ee 130 
by the government railways office : 
TaBLE 8-XIII.— Hiroshima government railroad system buildings—building data 
KOI STATION 
[Areas in 1,000’s of square feet] 
eis Equipment 
te Building damage (floor area) pes ae 
, Build- | Build- | 72’ | Total — ——|——--- 
Build- : m Plan ; . : tance 
ing | Grid Usage TyPe | area | Stories HEV | Firev| AZ — ‘Structural damage | Damage | yi9, 
-Y'| (feet) wa 12s dam- | PeF- |og 
, meena 
Blast | Fire | Mixed | Blast | Fire | ®8°¢ 
4E | 5residences___._.___-._-- D B22 1 V-4 C 7, 800 bay 2h Re ee Lae Bl See BAN cane ape eee a eye 
CSUR BR c oi ya D a) 1 V-4 Cc 7, 800 ee ce eS ee a 1 Nee 2 SRE) (Ee SF een “hahaa 
ont) Pees A2.3 | 21.8 i oe C OSE Set ae 1 Se pe th tei ae 
4E | Transit shed_._..--.-_..- A23 | 17.5 1| v-4 8) TI We AE ee Bs 8 Cag Sopetel PALL ee es ae 5 
AE) Warehouse. ds D ay 1 V-4 Cc 7, 800 Dekh 42s Ss ee fe LS i crate ae tele Sop [eens 
YOKOGAWA STATION 
SEL. fiz Tosidences:-. 2-82 eS D ee Reet Se V-4 Cc 6, 300 sf PP na BS oe fem eiaey Pl iS Us eS : Baa f= ap) 
SEL of Quarters: oslo ge eee 2 D 68. } ee V-4 C 6, 300 io) ie sere Pi a es ee ee Se es So Ss ode OE PB) oS SENS 
Oo aE OS a Cee ey aes v-4 C 6,300} 21.3 |...__-. TER NS a Seas REE PEE Nite 
$H | Pransit' shed-. =. -- 25... D fl (aide vV-4 C 6, 300 Bo es a gl eee | epee ee |i” I (ie | [anh on | 
8H | Warehouse. -__..-.-_..--- D DiQuta wre doce V-4 C 6, 300 pe ESR ee | ok) Poe See (eee ee, OE oe] |e aD 
Shi) JGrirages 6b ee A2,2 5.7 1} V-4 N 6, 300 1a a eee ae (Ms Rage [REE ay LAY Cal ES EPS | ies (et ren 


These figures include the repairs of electric pas- 
senger cars which received only minor repairs at 
Hiroshima. Government officials estimated that 
approximately 60 locomotives, 91 passenger cars, 
700 freight cars, and 16 electric railway cars were 


in the Hiroshima vicinity at the time of the attack. 

g. The stations at Yokogawa and Koi (Fig. 5) 
which were also within Hiroshima constituted part 
of the Hiroshima railroad division. Yokogawa 
was the terminal point of the Kabe Electric Rail- 
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way. Table 8 lists all buildings at the Koi and 
Yokogawa stations. The garage building at the 
Yokogawa station is identified as Building 75 in 
the Building Damage Section. 

h. The track system indicated in Figure 5 shows 
all track within the Hiroshima vicinity, including 
the classification yards. The Sanyo line, or main 
line, Was a double-track roadbed through the city, 
crossing the Ota River delta on the north side of 
the city, while the roadbed to Ujina was single 
track, The crossings of the branches of the Ota 
River were as follows: 


TaBLE 9.—Bridge crossings 


River Grid a Bridge type |Spans a Remarks 
Enko..______ 3I 9| Plate girder.| 7] 489 Double track. 
Ota. =a 3H og) |S o doe ll 825 Do. 
Yamate 3G i: oe [ea 10| 390 Do. 

Dry stream_| 3q Reb "1 ieee 2 66 Do. 
DG. ae 5J Papen on Foe 10 450 | Single track. 


The above data are taken from the Bridge Damage Section. 


4, There was also a number of crossings over 
highways constructed of steel beams, approxi- 
mately 20 feet in length. The track bed between 
the Enko and the Yamate Rivers was built on a 
fill Section averaging approximately 12 feet in 
height, Figure 5 shows the detail of the roadbed 
fill Section, complete with ties, rails, and communi- 
cations system. The equivalent of a 100-pound- 
per-yard rail, manufactured by the Japan Rail 
Co. was used, 

J. There were 8,467 persons employed by the 


VCOVer . . . . > 
S°vernment railways at Hiroshima prior to 6 
August 1945. 


3. Analysis of Damage 


a. The £overnment railways printing office and 
J© passenger station indicated on Figure 6 were 
listed as Buildings 120 and 121, respectively, by 
a Building Damage Section. All the remaining 
lodge a Figure 6, being residences, offices, and 
strncian Seas classified as light-frame, domestic 
8. This building area was between 5,800 

es 7,400 feet from GZ, and the majority of the 
st ee Was damaged by fire (Photos 33 through 
ie € to the drop in pressure in water lines 
and lack of electricity for auxiliary pumps, little 
ets be done toward stemming the fires in the 
stata area. Roundhouse 1, which is listed as 
Building 126 by the Building Damage Section, and 


th 
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the warehouses, repair shops, and engine sheds 
(Fig. 7) which were classified as wood-frame, 
commercial-industrial structures were damaged by 
blast (Photos 36 through 44). Roundhouse 1 re- 
ceived only minor damage (Photo 45). This area 
was between 8,000 and 10,000 feet from GZ. Be- 
cause of the disruption of power facilities at the 
Dambara substation from which the railroad elec- 
trical equipment was supplied, no electrical power 
was available. Bunkers, cranes, and pedestrian 
overcrossings were undamaged (Photos 46 and 
47), but lack of electrical power prevented the 
coaling operations of the cranes. When electrical 
power was restored on 9 August 1945, coaling serv- 
ice was resumed, and repairs in the roundhouse 
were continued. 

6. Figures 6 and 7 show the locations of pas- 
senger and freight cars on the morning of 6 August 
1945. At that time there were 91 passenger cars 
and 125 freight cars in the passenger station area, 
as shown on Figure 6, and 486 freight cars in the 
classification area, as shown on Figure 7. All 
damage to both passenger and freight cars in the 
passenger station area was caused by blast and by 
fire from adjacent burning buildings. The over- 
turned freight cars indicated on Figure 6 were the 
result of blast, but government railroad officials 
stated that no passenger cars were overturned. 
This was probably due to the protection that the 
passenger station (Building 121) offered, whereas 
the freight cars were in more open areas. This 
area is between 5,800 and 6,800 feet from GZ. No 
freight-car damage was sustained in the classifica- 
tion or repair area, according to yard officials, nor 
was there damage to locomotives. In reporting 
the damage to rolling stock the Government rail- 

vays officials employed terms and definitions other 
than those used in this report. The combinations 
of both are defined as follows: 

(1) Total: Not 
burned. 

(2) Heavy: Requiring repair beyond capacity 
of normal maintenance staff, usually returned to 
manufacturer or repair section. 

(a) Partly burned. 

(6) Severely damaged, cannot be used without 
repairs by the repair section. 

(3) Slight: Requiring repair within capacity 
of normal maintenance staff. 

(a) Moderate damage, can be used temporarily 
but must be repaired by repair section for con- 
tinued service. 


worth repairs. Completely 


PHOTO 33-XIII. 


Passenger station and shelter damaged by fire and blast, 6,300 feet from GZ. 


PHOTO 34—XTII. 


Railroad printing building damaged by fire, 5,800 feet from GZ. 
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PHOTO 35—XIII. General view of passenger station area showing bomb damage, 6,300 feet from GZ. 
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PHOTO 36—XIII. 


Roof stripped from transit sheds by blast. 8.500 feet from GZ. 


PHOTO 37-XIII. 


Transit sheds damaged by blast, 8,700 feet from GZ. 
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PHOTO 38-XIJII. Superficial blast damage to transit sheds, 8,500 feet from GZ. 


PHOTO 39-XIII. Engine inspection building damaged by blast, 9,800 feet from GZ. 
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PHOTO 40—-XJII. Warehouses damaged by blast, 9,500 feet from GZ. 


PHOTO 41—XIII. Office and warehouse damaged by blast, 9,100 feet from GZ. 
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PHOTO 42-XIII. Classification and repair area, 8,500 feet from GZ, showing general damage. 


PHOTO 43-XIII. Classification area. Buildings damaged by blast, 9,600 feet from GZ. 


PHOTO 44-XIII. Warehouses damaged by blast, 9,200 feet from GZ. 


PHOTO 45—XIII. Roundhouse, showing minor blast damage, 8,700 feet from GZ. 
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PHOTO 47-XIII. 


Undamaged pedestrian over-crossing south of passenger station, 6,900 feet from GZ. 
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PHOTO 48-XIII. Yokogawa station area showing fire damage 6,000 feet from GZ. 
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(b) Slight damage can be used ; repairs made by 
train crew. : 
All car damage is summaried as follows: 


TABLE 10.*—Passenger and freight or damage 


Damage by ROSE Ate 8 the 
burning Damage by blast 
Type of ear Sea Ene av ee ier eee 
Tota eavy ree Roder- |x 
(totally | (partly peels esr) Yo Slight 
burned) | burned) | *” kad 
Passenger cars: 
Stediscs os es: 4 f 8 12 20 
Woods 2 2, 15 Py 20 
Freight cars: 
Steeles a ee wee 3 a ee ae oS nk eee 05 
Wood2-222- 5 = Ae Soret es fons Pree 


*Japanese classification. 


c. All buildings in the Koi station area, 7,800 
feet from GZ, received superficial damage. With 
the exception of the garage (Building 75 of the 
Building Damage Section), all buildings within 
the Yokogawa area (Photo 48), 6,000 feet from 
GZ, were destroyed by fire. Information was not 
available from the government railroad officials 
regarding the collapse of structures by blast prior 
to the burning. Damage to buildings in the Koi 
and Yokogawa station area is shown on Table 8. 

d. At the time of the attack, train 377 was pro- 
ceeding toward Bridge 9 over the Enko River. 
The train was made up of 49 miscellaneous freight 
cars and a locomotive of the D51 type. When the 
locomotive had crossed 300 feet of the 490-foot 
bridge the blast wave reached the train. Of the 49 
cars, 10 on and 24 off the bridge were completely 


~ 
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overturned, or were off the tracks and tilted; also, 
of 7 cars derailed but upright, 1 was on the 
bridge and 6 off. The locomotive received only 
broken glass damage, but the rear trucks of the 
tender were derailed. None of the train crew was 
killed, but minor injuries were suffered by a few. 
The locomotive was disconnected immediately and 
run to the west abutment of Bridge 9. It was re- 
ported by the train crew to railroad officials and 
to members of the team that fire broke out im- 
mediately as a direct effect of the bomb in the first 
5 cars behind the locomotive, which were still on 
the bridge, as well as the 23 cars on the fill section 
(Photos 49 and 50). The only evidence of fire 
damage to the bridge consisted of slight irregular 
charring of a few wooden ties. ‘Table 11 relates to 
the damaged cars and contents, as told by govern- 
ment railroad officials. It is supplemented by 
Figure 8, 5 

e. It is felt, after examination of all circum- 
stances, that no fires could have been started within 
the cars or to the cars themselves from radiant 
heat of the atomic bomb, primarily because the 
distance to the train was in excess of 5,800 feet 
from GZ. The temperature was not high enough 
nor of sufficient duration to ignite the cars or the 
contents. The medical supplies in cars 45 through 
49 could have combined into many different in- 
flammable mixtures as a result of blast damage. 
The remaining burned cars were in an area with 
fires on both sides of the fill. It was therefore evi- 
dent that those cars were ignited by the fires in the 
area. The total number of cars—passenger, 
freight, and electric—damaged at Koi, Yokogawa, 
and at Bridge 9 is shown in Table 11. 


PHOTO 49-XIII. Looking east at damaged freight cars on east end of Bridge 9, 5,800 feet from GZ. 


PHOTO 50-XIII. Looking west at damaged freight cars on east end of Bridge 9, 5,800 feet from GZ. 
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TABLE 11.— Damage to Train 377 
[0815 hours, 6 Aug. 1945 on Bridge 9] 


No. ; 
of Type and No.| Station from— Station to— Type of goods tion st Damage tocar | Damage to goods | Disposition of car 
ear 
Li Tok 7561._..  (eSatutwals ==". Wishic bine Oat ate tosses ton ean see eee No damage ___---- No damage Towed into station. 
DAM Nl Wess: Vip |) Cn OI EERE 2 oe Fs (it deng SUNenge | LS hn eR Se eas ent S353 Totally burned_.__| Totally burned__- 
3 | Wa 1256.__...| Shinagawa_-_----- 10 st a: ee RS i en ge oat ee rein) er i Meena! (Bm. Ui (0 (seek sega es | Ev ee GOs see 
4°) "Cow bie oo. 2 hen fo Mec i ei Keer times a Se rer Ba gS ee ee eos se See re eae Ci Pelee, sean 
5 | Wea 24022. 2 =. Namitoi 22.022) INIShE Drachi ban: 4) a ee eee Oa eee WOs-foc2 ace 
6 | Tors 22655... || ¥atsuo.=2_-- 3-2 =: Say {eet ee UKE 8 Ft gl Sr Bes hae A OBNAE ior |* Ena Apu hte |e Eee P Oe te San eee Gs cae 
7 | Sumu 486____- ileus as oe WiGiiooe eee noe fee elma Sec UT iis co eels Bane dosce Bea rhe Ee raf Dea eee ay Towed into station. 
8 | Wamiu8572.-. |=. 2: NTR RARE BET lpermerce Acts ace Daeaitee ees, Sure eee att oe on eee ee (i (0s eae a Ne, een G0se ts ese Do. 
9 | Wamu 7527_. |’ Nakayamatera._--) Hlatsukeichi-- 0) 2) 2222-2 tee fe 8 Seen itese te eres ARE ire te Gey see ete Do. 
10 | Wamu 53055. | Osakawan_____--- WSs once ale seco es es ce (3 (0 ea ae | yo Oe sae Do. 
11 | Tomu 20002._.} Hisakawan._.---. | ----- rs (A Bit Paat WT Otis fa eye 18 | Severe damage. oto nt oe Left in place. 
123:{r BORT 270ho fone en GS) aera te ADs Gee Metal tubes__--_-.- 17 4 Reade CT ie Me ace SRT, bees 9 See eee Do. 
13 | Toki 1113_-_..} Rikuchijohashi__.-| Nishi-Hachiban.__| Ore._.._...-..--.-|---------- Slight: damage 2h Sects eso oset Towed into station. 
14°) Hersoes se = mega: 2 2.252 “aA SR Gee ners Oar Peers © 242 epee eee Totally burned____|-Totally burned__- 
15 | WA 2409___-. Reo eon ek Go [2 Temi Mme eee | 2 a Or eae ee ae GOs 32 2 es es 28 (0 (a ena 
16): Weare bO0s tee tven. sO ose ee ee Fs (5 YS ba en gue ee J one (2 () noe A eaeaieaah) IR Gia she Caen hase Se ro 0 Re = epee BS Bese Os oe 
17 | Chiki 3625.._.| Anjikawaguchi - Nishi-Hachiban___| Machinery_-_-----_- 40 | No damage____---. No damage___-. Towed into station. 
18 | Chiki 1167__. | Najikawaguchi --.|----- (3 [1 ee Se Bie leh cee, We a rece ne a Ope eo ees see we OGies..e5=5 
19 | Sumu 1702... | Nakayamatera....| Hatsukaichi___-.. Forseshoes.-. 22232 eee Totally burned... | Totally burned___.| Left in place. 
2n | Wa 23169__.. | Umegoro__.------- IMOiis rc > sleet nmin Gees eh alo tee Moderate damage | No damage Towed into station. 
21 | Wa 4147__--- Shibaura.---..---- Baishocs ote GaGa vchiee si! 3) pies eos Totally burned____| Totally burned__._| Left in place. 
22 | Tora 3244._._.| Kameari___..-.-.. | Tsukinokawa__._.| Miscellaneous.----|---------. Severe damage____| Burned_------- 
23 | Sumu 53148 __| Akaba_._--------- Bhite: fe Sea ee 5 otters De We Totally burned____| Totally burned__- 
24. | Pora4077}5 2) Pukka. <a. Meth RLSM eter ens Se ek oe Osseo oe MO wasn 
25 | Toki 3877_... | Mizoguchi- ------- Minami uruiitiwe beet oo es ee ee ee 00-2 eee (| oR pa 
26. | Bowed. os Wimeda, = 22a - Nakatsu_.__.-_-- VRE Die HS tee llc | seen (3 (Sepang (a Do. 
oT || apd Pa hee dome et Olihes = eee Rata hes epee a ae iS eae do. 42h asiealeee bias yee 
28)! Sean 205-2 BINT Ged so: S225 5 5. TWE0) fee es eee ce es Ek Ds Sig PS oe disse £ as Ob ss SS os 
29 | Tamu 1194 ___| Taketoyo-__.------ MinamiNoheokas|)impty... ...0.22..]° 326.223 tose Le a tara oe ee 
Shi s Wart, 1900 sai} soe Osea k eo ok Omics =2- 53h eos Oboes eke eo et Rte GC) arc seer IE Eee amen rh 
al} Dara eetd.. 22. Pp aetelOr. “ee- ces. Nisht-Hachibans:_|ironware?:.2) 2. 44) es ce (3 2 ie ee A a Totally burned___- Do. 
32} Sum $3103... | Mukwda:< 220-2. DIG esis 2 Se Ce eet 2 Me af Se No damage.___---- No damage Do. 
33 | Wamu 27320._| Osaka_..-..----.-- Sea ee Small baggage __.|_________- SE AOC: (AR eres a [eee Om t paces Do. 
34 | Wa 1891____..} Inasa Matsu-Shi- | Hakata--_--.--.- Medical supplies. 1 | Severe damage_--_|.---- (6 {se eee Do. 
ma, 
35 | Tomu 2190.___| Yasukuratera__...| Omuda__---------- Mioure soi 17.| No damage___.___-|----- Ci (0) ogee ee Towed into station. 
36 | Sumu 10127...| Kusatsu.....-----. 1355: ae ee Miscellaneous ____. 16 | Severe damage. ___|--__- MOotesosas Do. 
37 | Tomu 24443___| Ishiyama____------ Kawatana_-_--_---- Torpedoes._______- 18 | Slight damage---_-.|----- (3 fo ere mee SE Do. 
38 | Wamu 25678__| Umegoro___--__--- Saséb0.22 558 Medicines________. TAS oe Ge Ci Lapa e gee SI pS 0s sn ae oe Do. 
39 | Sumu 7854....| Hoshida___._..---- Poy ee eee eo Active charcoal. _. Via (ee Oo oe ee (1 C7 eee eee Do. 
40 | Wa 17794. ___- fonicnks ee 5 | aease bade osee toes OMGIS see tiee eene atlas eet ae fo (oad eerie (en Mobs Sashes Do. 
41 | Wamu 51651__|____- 3 fo Gaara a ead ee cape (6 (0 Neemeipepeerciar aN te CG {0 EULESS (Oe oe) 5; Vasech eae ee nae 2 (cele eer Do. 
42 | Sumu 87___.__ Naka uc most i Raehive? = ee ees Aircraft parts _____ i bal eee Git. were ae Got aot a Do. 
43: Weannt,28803"..|Inasa_.J-0 062-545. Minimikurume_--} Medicine__________ 1 yg) ges yo fy ele eines ee eee (5 Ur ae ea Left in place. 
44 | Wamu 25609__| Matsumoto-_______|-___- Fs 0 ae eh Mi foes doe: eeweare ce 1 fh eee (ito ee eee Meas] es) dopa Ae3 Do. 
45 | Wamu 13472__|____- Owe. ee ree Tomitaka-..i2--s-senee AG as oP aie et Totally burned___.| Totally burned___. 
AG? | NE ESIGR chine ee noe ee ee dos2 ee eee Oe 2 es Set Gouett 2 heehee Vs eat ee ee 
47 | Sumu 3546____|____. Givi ae iy eines FF Saeed ioe ol fh (nec tat sal ES a le F bee hoe eee pe Wo 
48 | Wamu 1334___| Sasashima_______-- Omura >. 2 lessee 5 Ks Lee NE a ag, (2 ee Seed CORNERS (1 (ee eae eas TREES GOR sss 
49 | Weargey0u. <a Makadie. 08 bor Mizumakatera-___|----- Oks Ys Se ere eS he (i [cei SeperaeeS IerA! G0 ren 
SUMMARY 
Type of car Totally | Pee | eee seme | Gigeets, «| 2a damage |, Tota 
Steel. Sos See ee ee eek eied 284, TOE ee ese ee 3 1 4 4 22 
W000. 2 322k So esti ea ag etree ih jg] ete Re a (Sie os te ee 5 2 27 
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*TaBLE 12.—Damage to rolling stock in Hiroshima vicinity 


Station Type of car 


Damage by burning 


Damage by blast 


Total (totally 
b ) 


urned 


Heavy (partly 
burned) 


Heavy 
(severe) 


Moderate 


Slight 


Passenger car: 


Steet se. eee Re NERF 3s ite, BA aR WRT a CEM che RE 


Bridge 9 


Passenger cars: 


Oto S| DN AIA CNS RSS SBN Ea [eee Ora SS UP re MUN AMGEN ine germ ~ r mee Lane Oe Racine cy regs a Re OE Oe 


Freight cars: 
Stee cee ei bend aia ee 


Total 


Passenger cars: 


henh (eta) beige eaaed ye al et on iad Ege ps cole SDT ates 


* 
Japanese Classification. 


As noted in Table 12, car damage at the Koi sta- 
wen, 7,800 feet: from GZ, was negligible. The 
Yokogawa station, however, being 6,000 feet from 
GZ and in a fire area, received both blast and fire 
damage, 

i. In summarizing the total car damage in Hiro- 
shima and Vicinity, table 13 shows the percentage 
of damage to rolling stock. 


TABLE 13.— Percentage of damage to rolling stock 


Type of car On hand | Damaged | Percentage 
Passenger fee ei tok 91 83 92.9 
RPCIGNG. oor es tak ys 700 91 13. 0 
Electret 16 12 75.0 


It is readily seen that passenger and electric cars 
cars were the more vulnerable, probably because 
of their construction. 


731568—47—_13 


187 


g. In reviewing the damage to the rolling stock 
by blast, since fires to rolling stock were generally 
ignited by adjacent burning buildings, a maxi- 
mum limit of probable damage can be determined. 
The cars in the classification area within Hiro- 
shima between 8,000 and 10,000 feet from GZ re- 
ceived no damage, but about 50 percent of those 
in the station area between 5,800 and 6,800 feet 
from GZ received from heavy to slight damage. 
In this area some empty cars were overturned. In 
the Yokogawa station area, 6,000 feet from GZ, 
the circumstances were the same but no cars were 
overturned. However, at Bridge 9, which was 
5,800 feet from GZ, 41 loaded cars were actually 
derailed and 15 of the 49 cars were damaged by 
blast. No information regarding blast damage 
to the burned cars was received from railroad offi- 
cials. In the Koi station area, 7,800 feet from GZ, 
the damage to cars was negligible. From this it 
‘an be concluded that the probable maximum limit 


of damage for freight cars was approximately 
6,800 feet from GZ. This conclusion was based on 
the low percentage of freight cars damaged, the 
majority of which were within the 6,800-foot 
radius. Since passenger cars and electric cars 
were damaged in a ratio of 93 percent at 6,800 feet 
and 75 percent at 6,000 feet from GZ, respectively, 
it can be concluded that the maximum damage 
limit for these types extends beyond 6,800 feet 
from GZ. No cars of these types were found 
beyond that point. 

h. There was no damage to the track system or 
bridges (Photos 51 through 53). The paint on the 
steel girders of the bridges facing the blast, how- 
ever, was discolored. All tracks of the Sanyo main 
line were cleared at 1500 hours on 8 August 1945 
and traffic was resumed. Between 6 to 8 August 
1945 passengers routed through Hiroshima were 
compelled to walk between Hiroshima and Koi 
stations in order to make train connections. Sig- 
nal systems were inoperative due to damage to the 
communications office. 

i. Traffic dropped off sharply following the at- 
tack. Freight tonnage fell from 9,300 tons per 
month to 5,400 tons per month, requiring only 360 
cars. Repairs to rolling stock varied; repairs to 
locomotives remained at 13 per month; freight cars 
dropped to 60; while passenger-car repairs were 
increased to 48 per month. Loss of freight traffic 
rendered freight-car repair less important. 

j. The total cost of damage as estimated by the 
Government railroad agency on 15 November 1945 
was 15,800,000 yen or $3,950,000 at the 4-yen-per- 
dollar rate of exchange. 

k. Of the 8467 persons employed, 198 were 
killed, 140 were missing, 934 seriously injured, and 
1,195 sustained minor injuries. No information 
could be obtained for passengers killed or injured 
during the attack. | 


4. Comments and Conclusions 

a. The damage to the railroad system in Hiro- 
shima as a result of the attack was sufficient to dis- 
continue the services of the system for a short time. 
The buildings in the station area (Fig. 6) were put 
out of service entirely by blast and fire, but the 
buildings in the classification area (Fig. 7) were 
not damaged sufficiently to disrupt operations. 
Damage to the electrical substation supplying 
power caused the disruption, but this condition 
lasted only until 9 August 1945. The buildings in 
the station area were, for the most part, of wood 
construction and compressed into a small area. 
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The fire which eventually reached this area dam- 
ged all the buildings, but did not damage nearby 
buildings in the classification area because of the 
intervening tracks. A fire, started in, or near, this 
area would have damaged all the buildings more 
seriously, and railroad service in or through Hiro- 
shima would have been impaired for a longer 
period of time. It is concluded that dispersal of 
buildings for necessary repair and storage would 
be effective protection against an attack of this 
type. Smaller, complete repair units, independent 
of each other, would, if dispersed, insure repairs 
in case of damage to one of the units, 

b. Freight cars, with a probable limit of damage 
at 6,800 feet from GZ, in this instance had a lower 
rate of vulnerability than passenger cars which 
had a greater probable limit of damage as shown 
by the percentage rates in Table 13. Since the 
trackage system was on the surface there was no 
effective protection for rolling stock against the 
attack. 

c. The communication office was damaged by fire 
sufficiently to halt its operation, but the signal 
towers, being well dispersed, received only super- 
ficial blast damage. Since the efficient routing and 
the safety of trains were entirely dependent on 
these systems, it was obvious that consideration 
should have been given to their protection. The 
benefit of dispersal for protection against fire, as 
shown in Paragraph 4a, has been proved by the 
lack of fire in the signal towers. 


C. ELECTRIC GENERATING AND DISTRIBU- 
TION SYSTEM 


1. Summary 

a. Cost of Electricity. The Chugoku Electric 
Co., which supplied the city of Hiroshima with 
power and light, purchased all its electrical energy 
from the Nippon Electric Co. at 2.50 sen per 
kilowatt-hour. The Chugoku Electrie Co. in 
turn sold it to the consumers at 11 sen per kilowatt- 
hour for lighting, 6 sen per kilowatt-hour for 
heating, and 4 sen per kilowatt-hour for motor 
energy. The total consumption per day was 
80,000 kilowatt-hours for lighting and 170,000 
kilowatt-hours for heating and motor energy. 

b. Capacity of System. The Nippon Electric 
Co. maintained and operated six hydroelectric 
plants (Table 14) which had a total capacity of 
94,200 kilovolt-amperes and one steam-electric 
plant. of 90,000 kilovolt-amperes. These high- 
tension systems were united at the Hiroshima sub- 


_ ie 
PHOTO 51-XIII._ Bridge 9. Typical, double-track, railroad bridge, 5,800 feet from GZ. 


PHOTO 52-XIII. Typical railroad crossing over road, Bridge 8A, 5,600 feet from GZ. 
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PHOTO 53—XIII. 


seinen 


Bridge 2. Typical, single-track, railroad bridge, 


PHOTO 54-XIII. 


Type D51 
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series locomotive. 


station, rated at 108,000 kilovolt-amperes (Table 
17), transmitted power to the Hiroshima Harbor 
substation (rated at 12,000 kilovolt-amperes) on 
the west side of Hiroshima, and distributed the 
electrical energy through 7 substations in Hiro- 
shima having a total capacity of 34,800 kilovolt- 
«“mperes (Table 17). The city of Hiroshima was 
only a part of the area served by the Nippon Elec- 
tric Co. The Chugoku Electric Co. also operated 
a steam-electric plant rated at 3,500 kilovolt-am- 

Peres to augment the Sendamachi substation. All 
hydroelect ric and steam-generating plants, as well 
4s all substations, are located on Figure 9. 

_ & Equipment. The generating and transform- 
Ng equipment of both electrical companies was 
Manufactured by the Nippon Electric Co. The 
design of all generating and transforming equip- 
ment originated with the Westinghouse Electric 
Co. and the General Electric Co. of the United 
States, Design data were modified by the Japa- 
hese to suit their requirements. 

d, Buildings. The office building and substa- 
tion buildings are classified in Table 15. Build- 
gs included in the building damage section are 
shown in Table 16. 
wo 28- and 110-Kilovolt Transmission System. 
The Nippon Electric Co. transmitted all electric 
Power from the hydroelectric plants to the sub- 
Stations at 110 kilovolts. Power transmission 
from the Saka steam plant was maintained at 55 
kilovolts; this plant was approximately 4.5 miles 
from the substation, Both the 55- and 110-kilo- 
volt high-tension lines were overhead systems. 
They are located on Figure 9. 

f+ 33- and 22-Kilovolt Distribution System. 
The Substations of the Chugoku Electric Co. trans- 
‘ormed 22 kilovolts down to 3.3 kilovolts for con- 
sumer distribution. The Toyo Industries, Japan 

Sundry, Hiroshima Electric Railway Co., and 
he litsubishi Shipyard and Heavy Industries, 

ver, having their own substations, received 
Bie at 22 kilovolts and transformed it to  re- 

y voltages. Both overhead and subsurface 
aoe for the 22-kilovolt distribution were em- 
ee ss The overhead consisted of approximately 
erat a of 3-phase system. The subsurface 
polemic of 95,000 feet of 3-phase system with 
re x as transformers for aeaer distribu- 
aie Bie hdl of the 22- and 3.3-kilovolt sys- 

tre shown on Figures 9 and 10. 
9. Damage to 


Equipment. The equipment in 
the subst hee co 


ations of the Nippon Electric Co. was 
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undamaged, being 15,000 and 14,300 feet from GZ. 
Of the 7 substations of the Chugoku Electric Co., 
the Sendamachi substation and steam-electric | 
plant at 7,700 feet from GZ were heavily damaged 
by fires which spread to the area. The Otamachi 
substation, 2,400 feet from GZ, was heavily dam- 
aged by blast and fires started by the short-cir- 
cuited equipment. The Dombara, Misasa, and 
Eba substations were only slightly damaged at 
distances from GZ of 5,500 feet and beyond. The 
damage to the Sendamachi substation would have 
been greatly reduced by adequate fire protection. 
The remaining 2 substations were undamaged. 
Table 18 summarizes the damage. 

h. Damage to Buildings. Damage to the build- 
ings of the Nippon Electric Co. and the Chugoku 
Electric Co. is classified in Table 15. The build- 
ings in Table 15 are classified in the building 
damage section. Any conclusions therein drawn 
for the mean areas of effectiveness for buildings 
will also apply to this section. 

i. Damage to 55- and 110-Kilovolt Transmission 
Systems. The overhead 55- and 110-kilovolt trans- 
mission systems were undamaged. 

j. Damage to 3.3- and 22-Kilovolt Distribution 
Systems. Approximately 70 percent of the 3.3- 
kilovolt overhead and feeder distribution system 
was damaged by blast and fire. Of the 7,000 poles 
utilized, 4,000 wood poles and 27 steel-lattice poles 
were damaged by blast and fire. No concrete poles 
were damaged. Overhead wires were blown down 
by blast 8,000 feet from GZ. (Table 19 gives the 
limit of damage to the poles.) Of the remaining 
undamaged 30 percent of the distribution system, 
only 90 percent was usable because some areas be- 
yond the points of damage could not be serviced 
with electricity due to lack of connections to sub- 
stations. The damage to the substations of Ote- 
machi and Sendamachi made them inoperative and 
the areas they serviced were distributed among the 
other substations. There was no damage to the 
29-kilovolt subsurface system. 

kh. Consumption of Power. By the end of Sep- 
tember when the available 5 substations had be- 
come operative, 40,000 kilowatt-hours per day were 
used for lighting and 10,000 kilowatts per day for 
motors and heating. This was an 80-percent over- 
all reduction in the use of electricity. 

1. Cost of Damages. The estimated cost of 
damages to the Chugoku Electric Co. was 10,000,- 
000 yen, or $2,500,000, at the 4-yen-per-dollar rate 
of exchange. 


m. Personnel Casualties. Of the 600 persons 
employed by the company, 100 were killed, 100 
were injured, and 50 were missing. 


2. The System 

a. The Chugoku Electric Co. supplied all elec- 
trical power to the city of Hiroshima. Although 
a subsidiary of the Nippon Electric Co., it con- 
ducted all business as a separate agency, purchas- 
ing its electrical energy from the controlling com- 
pany. The purchase price of power from the Nip- 
pon Electric Co. was 2.50 sen per kilowatt-hour. 

6. In order to establish basic rates for the con- 
sumption of electric power, separate classifications 
were established based upon types of appliances 
(lamps, heaters, and motors) and the scale of rates 
was established in proportion to the amount of 
energy used. The cost of energy to residents and 
industry for each classification was 11 sen per 
kilowatt-hour for lamps, six for heaters, and four 
for motors. The average daily consumption of 
electrical energy was 80,000 kilowatt-hours for 
lighting, and 170,000 kilowatt-hours for heaters 
and motors. 

c. As shown on Figure 9, the Nippon Electric 
Co. maintained six high-voltage, hydroelectric gen- 
erating units and one steam-electric generating 


plant. Capacities for each unit and the total for 
all units were as follows: 


TABLE 14.—Generating units 

Capacity 

(kilovolt- 

amperes ). 
24, 750 


Hydroelectric : 
Uchinashi 


UB [3 Seta aa ie Ra TVS Tg Meee te ess a) hoes a 10, 000 
lob bare e: Wit; Meise ee pee I ale Re = ee oe 18, 750 
ORS sp sf: sae ek ap ae Ne ae Le 15, 700 
RSs ts DS ee es a ae eee 13, 750 
Man ODI A sete. eos ae UL ee 11, 250 

CN GA ieee eee ei ye RRL 94, 200 

Steam-Electric : 

Beh. OLOaM plants Set 2 ol ih ee ek 90, 000 

Grand total capacity sean = 2h Js Sopa 184, 200 


The hydroelectric units and the steam-electric 
unit generated power at approximately 12,000 
volts. Because of the distances involved, voltages 
from the hydroelectric units were transformed up 
to 110 kilovolts for transmission, while the voltage 
from the Saka steam plant which was approxi- 
mately 4.5 miles from the Hiroshima substation 
was transformed up to 55 kilovolts. The 3-phase 
delta connections was used in all systems. The 
Hiroshima substation of the Nippon Electric Co., 
which was the distribution point for all generat- 


Tasie 15—XIII.—Hiroshima electric distribution system—building data 
NIPPON ELECTRIC COMPANY BUILDINGS 


[Areas in thousands of square feet] 


Building damage (floor area) a eng 
ae aes z “any aes [Se SPER ISS Gy ete eeey Ae 
ee o if = Ha Structural | Superficial 
Building Usage Type ee ia N = damage damage ; 
Z FA & < egy ee Teas FS see Minor 
£ : z of z e damage = Cause 
A Ko] cs ‘& oon - = > 
rg = ae a a — f= + s A Ol | 2 2 P 
<3] i a 9) | } 3 r) Fa Fa i eae Pl = 5 
io) mB |am|] wa a) a = BS ime&la]| mie Ay 
Hiroshima____- 4M | Substation._......-.-- 8(E-1) -... 5 |2/3| Vi Bee ES TOO ATOR ee ee bes asl RE TS ES Slight=. 222 ho 4s 
Doser 17 Olay eee MOp otra dboces '<] @:.W-/ ) a a2 eM a 2 C pT VR in] ee | (a he ay UI el Fs | Sepa ek a 
| 
CHUGOKU ELECTRIC COMPANY BUILDINGS 
Dambara._-__-- PR Soto nC 2 SCAZ.3)-2.)- bot iolave C 290004" Teese Me ee fre SO. So feupnbsce-<-. 3 | Debris. 
Suigenchi_____- cS ia) pe Eenasd TUS e Reese et gi ian eae erga oe AB Ee ee ee on ee 0). 4 at Ua eee a Nese tmecequcetee 2 Baie (Se ae ee leone 
Otemachi_____- i 2 C3 (US UPS" Le alee E-2 Ed eS 3| V3 N STOO || eouantes oe 2. PER Mess [en Al loeeel aot ae een A a 50 | Blast and 
fire. 
Milsase: $23 Ss tee. (i fa fath UG 4 a een S(AZ.3) ge il age Gl aot’ Cc 5900) 16 fee epclewedthaeuse ..-| Moderate.-_| 10 | Blast’ 
Sendsamachil--yevnw | Substation. 2s oes dee eee c cute Reaee) Fer | [St ae BOO) Ni aoe Seal cea coe tas RIES) te Pes ee 5 |Blast and 
fire. 
Turbine building- =...) AZ.3:.-..- Serpe te Va Cc 8 O00 PT Sul oeccs Be cana 3.8 By Es oe eee 80 | Fire. 
Boller building <--5.]/AZ.3.22-..| 8.0}. Pt. V4 C 8,000 } 5.0 |:--.-. : BGA WAG) 0) Renal ebhecd ss taper) Ae 20 Do. 
Namba_._.--22). '8H-\-Substations. 22 1 ies Gira ene 0.8 | 2] V4 Cc 1, 7007 te Geshe SL eeee beets Bight. - a 
bet. Te 5 a eee ro [0 ees se a Abe itet 0.4 1 V4 C 12; 000") 30. 45.2 2k SS ees a eer RE, fo (cee 2 | Debris. 
Oiee.. 55.22 BE GOB se 5 1 I ee a 4] Vi R 2,300 | 20.4 PUG lewaa accel) aes bee oul ane Semaoe a res = 


192 


wee B 


Z F GC H Lio: j ca # 2°03!" 
Zz SIS NE pee az 2C y~ SEORET “S77 / 
ae ie )} <= 
; 7 WAR. Gad ee Spouaes 
HIROSHIMA OL 5 Y TS aa STATION \ 
i é, y, 4M HIGH HEAD 
.., ELECTRICAL GENERATING lS [BS | aa jie | ei 
s TAA a x . : DOI HIGH HEAD KAKE 
A N D A LN Oe, . ey CAR. 10,000 KVA HYD. POWER 
eee; ||P ON L STATION 
( ar oe EE) >, \ oa . sek ted CAP 15,700 KVA 
DISTRIBUTION SYSTEM ~_\. So) BG NL : wi 
Ba aS | SS Uy j HIGH HEAD 
CAP. 13,750 KVA a 
~ 9 \ V4 SS): KUMAMI 
LEGEND / HYD, POWER 
—— OVERHEAD WIRES A a oe EN INE NISL GL rh eH Af VMN | ANS P 
---- UNDERGROUND WIRES 5 


D 


\ 
TSUTSUGA 
SWITCHING ; 
STATION 
CAP. 90,000 KVA 
HIGH HEAD satetiel 
AP.11,250 KVA . 
MANOHIRA ) 
HYD. POWER | 
STATIO 
j | ’ / 7 wa ‘ae. ——. m, 
| ; us 


\ 


x 
x 


~ 
~S ~ | 
~ Sc | 


tea] A > ) 
24 


. / r= M } 
oa | ie, 
€ 4) ! 
——a ] +f l 
9 Af 
f , 
|! / | [} 
}} I / ‘ ij if A ™ *, 
a | } Hj J ; Hy & Y / Dp oF BO RICO > 
I j \ Cte V4 / } a “ ~ 

Ll} | ; \ \ \ Bitte \ ff / , ceil y/ eee : 

“ans At / a, B \ \ H wee TS ‘ ‘ / ff Q 7A Si. ‘ 4 \ 

| a = | \ tT}! —<—<—, a Cy it y, f Aas \ ie 2? * 

I \ [== ( ~ i) my : 4, / “ 3 wae I — — 
prt } fl ie A | | —~J,. = et ale / 4 at SY * 
If_\f } a, N rl im eats, SQ ~~ Y, , x Sy es omy, 

J }; ® / | ‘7 4 Sisiedsise™ SY j 

} 


\\S 


AN <8 


SS > We 
See. iw 
REY i XQ 


t-— 


(eda Z 
inn 


t+ pa 
= YF DF BQ, 
EH 


— 


WAS <A 
N\ ead 


— ~ if be. nx as 
a = 
‘y. J SS 


a 


Wee 
ork ps a 
tei 


) 
HIROSHIMA PREFECTURE, HONSHU, JAPAN 


1/2 MILE 


aa 
Hf 


‘ie 


= 


. 
See 


————E—E 


- 
) 


Ne 
] k 
| \ 


aes 


= 
J 


me i 


Thee 


1 


SO ty” METERS 
a A 90 YARDS KAITA WAN (BAY 
CONTOUR INTERVAL 20 METERS 
GRID SYSTEM BASED ON 1000 YARD 
WORLD POLYGONIC GRID 


HIROSHIMA-KO 
(HARBOR) 


3 . 
LU ——— JUS. STRATEGIC BOMBING SURVEY 


_ ‘ - 3 :. 4 ELEC. GEN. & DIST. SYSTEM 
: | HIROSHIMA, JAPAN 
FIGURE 9-XII] 
3 be 7 T4 74 7 
739000 YARDS T 40 Tal 74 : Ts 7 7 


2 7 


° 
731568 O - 47 (Face p. 192) No. 1 


STE 4 


= we. 


44340 ——— 


Sui GNAOHONZONN —~=~| 
Baum OWIH 


As 
er eA. 
ZOO 


+ 


» 

\ ae 
‘ Ox x 
Py x ex 
| © dK) 
. A im 


\ 
* 
f 


"i ¥J “*~ \ 
6. we; 


a 


Be ee 


ae 
| 4 


de 


32 °3)' N 
132°24 B 25° 2] : & -- a SECRET *., or 
55 
HIROSHIMA 
HIGH TENSION ELECTRICAL x 
DISTRIBUTION SYSTEM ) : 
LEGEND =) . 7 Dai pt PSC le MIN . DAMAGE RADI! | E 3 PHASE - 200 AMP CABLE 
os = Oe. lS BC WK TO \ LIMIT OF BLAST DAMAGE TO OVERHEAD WIRES (8000) ./ 
2 <4 RESTORED LINE + leas ie 727 =ms (> | LIMIT OF FIRE DAMAGE TO TYPE | POLES (7000) : TYPICAL SUBSURFACE CABLE 
——— REPAIRED LINE be MT FANT FAS » 
ilecienisee< oiianes ime Siege i Lug 3 W\ ‘o | 2) ren SiN LIMIT OF BLAST DAMAGE TO TYPE 3 POLES (6000’) 
YA we we ay ) ~, = 
——-r-—=—= SUBMARINE OR UNDERGROUND Na UAE NN : 
l2g4 CAB LE i, Py — 7, > pay. | <¥ \ | —_ — 
ALL LINES 3,300 V. EXCEPT AS NOTED. x ALi. bY: jars q “ye 
| SUIGENCHI SUBSTATION 7 NAMBU SUBSTATION Y eas SS 7 , Pe 
2 MISASA SUBSTATION 8  YAGURASHITA RAILWAY SUBSTATION \ 4 Ly TKS >. a i U 
3 OTEMACHI SUBSTATION 9 MITSUBISHI MACHINE CO. Vs - TT) WY 
4 DAMBARA SUBSTATION 10 MITSUBISHI HEAVY INDUSTRIES WUMGDS SN A s / J » ra 
5 SENDAMACHI SUBSTATION 11 SENDAMACHI RAILWAY SUBSTATION f. YS / / NAR] ~ f ae i ey AY Vad 
lai 6 EBA SUBSTATION 12 TOYO INDUSTRIES & JAPAN FOUNDRY SNe iad i STE AG GOAT EF a 
: ere if] [4 Mt | \f : ING 
eee on er / (SY i AS 5 Wey ‘le ety q { } SS : GS, \ LY, 
BSS DYES AEE AOS 
~ < WIS ARR | PRA QR SS 7 | aS eat ie : 
4 ep 83 eS . &. awd ROLL) (f /N mas yy 3.3 KV AND FEEDER DISTRIBUTION “|| “oe HF 
f cel —S. ((W 1 /Y A SO LA ——— SYSTEM OUT OF SERVICE DUE TOTHE © ff KS 
/ ie v ape 6 | as \ | '® : = % “ Ar is f\ x 
le a e 2 Pa = Se oe nly ~~ : AG. 
cf — IF a F— / V ‘ PN a6 
\ ~ [| «\ : rN 5. Seas 


| 
\ 


AA 


a 
oe 


[a E z wy i 
4 ; 

BK 
ial 


Ts 


[ 


—— 
: away NO 


‘<a tes \ 
e Al 
) P 
" oe = \4 
i 


LYS IK LAVA alma, Z, f 
aia: a BNis 


= ! 
: —_ 


4 
\ \ 


S| 


HIROSHIMA 
HIROSHIMA PREFECTURE, HONSHU, JAPAN 


1/2 MILE 


J ——e——————— I 


KAITA WAN (BAY 


(HARBOR) 
, ogee 
\\t 


4 
256 \h 
T HIROSHIMA WAN (BAY) ; 
3 7 SECRET 
eg (| : N ? 
x 


oe \ 

Ys U.S. STRATEGIC BOMBING SURVEY 
oa a e + ¥ 
34°20 | HIGH TENSION ELECT. SYSTEM 
12 HIROSHIMA, JAPAN 

| FIGURE 10 - XT —e 

7 40 ry 74 Td Tie Tals 746 747 74 780 
739000 YARDS . ‘ 


T4'9 


7131568 O - 47 (Face p. 192) No. 2 


——— 


Porm 


} Oder 
E> 


e 
¢ 
XS at . 
it a —“ We Ah 
+ se MM 
‘Ore aa 
- Ky 
7 


~ 
a &, 
Ger. 


- = 4 « 


XP A 
: - Nt . 
= & ” 


> RA 
a 


id39oX3 ‘A OOS] SSNITN TV 


3NIT G39VWVO 
‘BNI G3ulvd3y 
_ NIT G340iS3Y 


.-9@N3937 


ing units, had a capacity of 108,000 kilovolt- 
amperes and transformed down to 22 kilovolts 
for use by the Chugoku Electric Co. The 12,000- 
kilovolt-ampere substation at Hiroshima harbor 
was also owned and maintained by the Nippon 
Electric Co. The location of the generating units 
and transmission lines are shown on Figure 9. 
Hiroshima and its vicinity, as serviced by the 
Chugoku Electric Co., was only a part of the area 
supplied by the Nippon Electric Co. holdings. 

d. The Nippon Electric Co. used the Westing- 
house Co, and General Electric Co. type for its 
generating and transforming equipment with 
modifications to suit Japanese requirements. All 
equipment, however, was manufactured by the 
Nippon Electric Co. 

e. The Chugoku Electric Co. received all its elec- 
trical energy at 22 kilovolts and transformed it 
to operating voltages by means of the 7 substations. 
The Toyo Industries, the Hiroshima Electric Rail- 
way Co., the J apan Foundry, the Mitsubishi Heavy 
Industries, Mitsubishi Shipbuilding Co., and the 
Mitsubishi Machinery Co., however, received 
power at 22 kilovolts and transformed it down to 
the voltages required. There were also approxl- 
mately 200 small industries which received elec- 
trical power at 3.3 kilovolts. Office buildings and 
dwellings, of which there were approximately 
90,000, were supplied at usable voltages. 

7. The substation buildings of the Nippon Elec- 
tric Company and the Chugoku Electric Co. are 
classified on Table 15. Although buildings were 
used primarily to protect instruments, the Nambu 
substation buildings was also used to house the 
transformers. Transformers for the remaining 
substation were placed in open areas adjacent to 
the buildings. Since the Suigenchi substation was 
without a building it utilized Building 6 of the 
water-supply system for the protection of instru- 
ments. The following buildings will also be 
found in the Buildings Damage Section. 


TABLE 16.— Buildings classified by Building Damage 
Section 


Building damage 

Building : section building 
Datmbara substation.....+-22.22- a 2a ae 
Otenmen? gubstntion.. 2.2.2.5 2- 354852 = 16 
Sendamachi substation_-___--_---_--- 131A and 131B 
Chugoku Electric Co. office___---------------- 216 


g. Table 17 indicates the capacities and voltages 
of the substations of the Nippon Electric Co. and 
the Chugoku Electric Co. 


TABLE 17.—Substation capacities 


NIPPON ELECTRIC CO. SUBSTATIONS (TOTAL 2) 


Cc - : S 

Substation Grid ity ' = Voltage or 
Huroshima..2 2. 2-2. |45M: (108 000/110,:O0G|- —. 5 22, 000 
HoOCOOOle she 22, 000 
Hiroshima Ko-_--_-_- GE 11220001110; 000)2 === 22, 000 


CHUGOKU ELECTRIC COMPANY SUBSTATIONS (TOTAL 7) 


Pambaraiss. = Sl. Fae 6;'000! 22; 000)s-=. =~ 3, 300 
Suigenchi. 2.2.2. II 1;5-800)-,22; 000}_- 2 =~ 3, 300 
Otemavnio. 225). DE *.| 76,000] 522,000) 222222 3, 300 
NMiSHSa = so oo eae 6; 000} (22, 000|__-=.- 3, 300 
Sendamachi-_ ______ FEL- | -32000/622-000|- sue 3, 300 
Nambtle. 22<soc58 9H | 6,000) 22, 000)__-_-- 3, 300 
Baie Stee oe SE} 6,000) 22, O00|2_ - 22 3, 300 

POUM ret oes apa Da NOUN EES mente ere toes life eo ene 


According to the electric company engineers, each 
substation was designed at 6,000 kilovolt-amperes 
to serve the equivalent area of a 9,800-foot radius. 
With the exception of the substations at Suigenchi 
and Sendamachi, all substations were rated at this 
capacity. Due to the different densities of popu- 
lation and industry, the areas were changed to fit 
the demands. The Suigenchi substation was in- 
stalled primarily to serve the city water supply at 
Ushida, and, being in a sparsely settled area, 1,800 
kilovolt-amperes were considered a_ sufficient 
capacity. The Sendamachi substation had in ad- 
dition to the transformer equipment a steam-elec- 
tric plant rated at 3,500 kilovolt-amperes. Thus 
the 3,000 kilovolt-amperes of the transformer 
substation and the 3,500 kilovolt-amperes of the 
steam-electric plant were combined to establish 
the required capacity of that area. The trans- 
formers and allied equipment, as well as the equip- 
ment in the steam-electric Sendamachi substation, 
were designed, manufactured, and installed by the 
Nippon Electric Co. Figure 10 shows the location 
of the 22-kilovolt and 3.3-kilovolt, high-tension 
lines supplying the city of Hiroshima. 

h. The transmission system of electric power 
was divided into two classes: (1) The overhead 
system, and (2) the subsurface system. The 
former, consisting of approximtely 95,000 feet of 
3-phase, 22-kilovolt overhead, was placed around 
the outer rim of the city because of the danger 
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connected with a high-tension line of this type. 
The towers for the 22-kilovolt line were approxi- 
mately 110 feet high and designed to withstand an 
overturning moment of 3,000,000 foot pounds. 
Spacing of the towers was approximately 650 feet. 
The 3.3-kilovolt system within the city, with all 
leads to subscribers, required 6,400 Type 1 wood 
poles, 30 Type 3 steel-lattice poles, and 30 Type 5 
concrete poles to complete the system. All poles 
(Fig. 11) within the city carrying 3.3-kilovolt lines 
were spaced at 150-foot intervals. All Chugoku 
Electric Co. substations were interconnected by 3.3- 
kilovolt lines. Approximately 600 pole-mounted 
transformers stepped down the voltages for feeder 
distribution. 

z. The subsurface system consisted of 95,000 feet 
of 200-ampere, 3-phase, lead-sheathed cable. All 
subsurface cable, including subriver crossings, was 
laid in reinforced-concrete ducts (Fig. 12), buried 
4.5 feet below ground elevation. 

j. Attempts to protect transformers from bomb- 
ing attacks were made by the Japanese at some sub- 
stations. Earth-filled wood forms varying from 
2 to 4 feet in width were erected around the trans- 
formers as protection against fragments. 

k, The Chugoku Electric Company employed 
600 persons for maintenance and operations. ‘ 


3. Analysis of the Damage 

a. The Hiroshima substation (Photos 55, 56, and 
57), 15,000 feet from GZ, was undamaged by blast 
as a direct effect, but the tremendous overload 
created by the short-circuited damaged electrical 
equipment in the city of Hiroshima tripped the cir- 
cuit breakers in this substation and immediately 


interrupted all electrical service in the Hiroshima — 


area. Officials stated no damage occurred to the 
equipment and no flash-over was noted. The Hiro- 
shima harbor substation equipment (Photo 58) 
was undamaged at 14,300 feet from GZ. After in- 
vestigations by engineers the main substation was 
in operation the day after the attack, while the 
Hiroshima harbor substation, although undam- 
aged, was not in operation until 26 August 1945. 
This delay was due to the difficulty of making in- 
spection in the area in which the 110-kilovolt 
transmission lines were located. 

b. The building of the Hiroshima substation 
(Photo 57) received only minor damage, while the 
Hiroshima harbor substation building was undam- 
aged. Table 15 gives the damage classification of 
the Nippon Electric Co. buildings. 

c. The equipment in the substations of the Chu- 
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goku Electric Co. at Suigenchi (Photo 59), 9,000 
feet from GZ, and at Lambu (Photos 60 and 61), 
11,500 feet from GZ, was undamaged by blast or 
fire. There was no evidence of heavy surges or 
overloading in these substations, although elec- 
trical equipment was damaged in the areas which 
they supplied. These stations were inoperative 
due to the power supply cut-off, but were again in 
service on 9 August 1945. The equipment in the 
Eba substation (Photos 62 and 63) the Misasa 
substation (Photos 64 and 65) and the Dambara 
substation (Photo 66), at 11,800, 5,500, and 7,900 
feet, respectively, from GZ, received only slight 
equipment damage. Two relays in the Eba sub- 
station and 4 relays in the Dambara substation 
were damaged by falling debris and overloading 
of the circuits. The switchboard, including in- 
struments, wiring, and other panel equipment in 
the Misasa substation, was damaged by blast and 
debris. The two relays in the Eba substation were 
replaced on 11 August 1945, but the station was 
not in operation until 20 August 1945 because no 
power was being transmitted from the Hiroshima 
Harbor substation until that time. The four re- 
lays in the Dambara substation were not replaced 
until September 1945, but the circuits were re- 
wired to shunt out the relays, and the substation 
was in operation on 9 August 1945. Because of 
the difficulty of access to the Misasa substation, 
temporary repairs to enable the substation to oper- 
ate were not completed until 8 September 1945. 
The substations at Otemachi (Photos 67 and 68) 
and Sendamachi (Photos 69, 70, and 71) were suffi- 
ciently damaged at 2,400 and 7,700 feet, respec- 
tively, from GZ to put them out of service for an 
indefinite period. The equipment at the Otemachi 
substation (Photo 68) was dislodged by the effects 
of the blast and was further damaged by fire 
caused by short circuits in the equipment. The 
substation at Sendamachi was heavily damaged by 
fires originating in the areas adjacent to the sub- 
station. Generator coils were burned out and the 
switchboard totally damaged (Photo 69). 'Tur- 
bine and generator bearings were also damaged. 
Some distortion to shafting and turbine blades was 
indicated. Boiler-room damage (Photo 71) was 
confined to distortion of pipes and metal, but small 
motors and pumps for collateral equipment were 
heavily damaged. The transformers (Photo 70) 
were not damaged, but busbars and insulators re- 
ceived slight damage and all leads to the trans- 
forming equipment were totally damaged by blast 
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Undamaged Hiroshima transformer substation of Nippon Electric Co., 15,000 


feet from GZ. 


PHOTO 55-XIII. 


Undamaged Hiroshima transformer substation of Nippon Electric Co., 15,000 


PHOTO 56—-XIII. 
feet from’ GZ. 
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PHOTO57— XIII. Minor damage to office building. 


Hiroshima transformer substation of Nippon Electric 
Co., 15,000 feet from GZ. 
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PHOTO 58-XIII. 


Undamaged Hiroshima Harbor substation of Nippon Electric Co., 14,300 feet from GZ. 
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PHOTO 59—-XIII. Undamaged Suigenchi substation. Note transformer protection, 9,000 feet from GZ. 


PHOTO 60—-XIII. Undamaged exterior of Nambu PHOTO 61—XIII. Undamaged interior of Nambu 
substation, 11,500 feet from GZ, substation. 
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PHOTO 62-XIII. Eba substation. Building damaged by blast, 11,800 feet from GZ, 


PHOTO 63—XIII. Panel of Eba substation. PHOTO 64—-XIII. Blast damage to Misasa 
substation, 5,500 feet from GZ. 
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PHOTO 65—XIII. Undamaged busbars and transformers at Misasa substation, 5,500 feet from GZ. 
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PHOTO 66-XIII. Dambara substation showing undamaged busbars and transformers, 7,900 feet from GZ. 
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PHOTO 67-XIII. 
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PHOTO 68-XIII. Equipment damage to Otemachi substation, 2,400 fee 
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PHOTO 69—-XIII. Turbine and switchboard damage at the Sendamachi substation, 
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7,700 feet from GY. 
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PHOTO 70-XIII. Damage to exterior equipment at Sendamachi substation. Busbars being repaired. 
Note that out-going lines are down. 
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PHOTO 71—XIII. Sendamachi substation boiler room damage. Boiler steel warped by heat and collateral 
equipment damaged by fire. 
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and fire. Table 18 is a recapitulation of damage 
to equipment in all substations owned by the Chu- 
goku Electric Co. 


TaBLE 18.—Substation equipment damage 


Substation Grid from GZ a Cause 
(feet) ype 

Dambarasee og. 5J 7,900 | Slight____- Debris and overload. 
Suigenchi____.- 1 9,000 | None._._.- 
Otemachi.. 3 5H 2,400 | Heavy__-.| Blast and fire. 
Milsaag meas!) 3F 5,500 | Slight____- Blast. 
Bondinrgeeb ss eh Pd aga partic 
Turbo-Generators ___ 7H 7,700 | Heavy._--| Fire. 
Bollers eae oo en 7H 7,700 | Slight. .__- Do. 
Transformers 7H 7;,100"| 2=-doesee 2 ~ Blast and fire. 
Nambaos ioe rs 9H 11,500 | None____-- 
ba... See oe fos 8E | 11,800 | Slight____- Debris and overload. 


The engineers of the Chugoku Electric Co. were 
unable to give the approximate date when the Ote- 
machi or Sendamachi substation would be repaired 
and resume operations. Although the damage to 
the tranformers and collateral equipment at the 
Sendamachi substation was slight, little or no 
effort was expended in placing the system in 
operation. 

d. Of the 7 substations and one office building 
of the Chugoku Electric Co., the office building 
(Photo 72) alone received structural damage by 
blast. The Eba (Photo 62), the Otemachi (Photo 
67), Misasa (Photo 64), and Nambu (Photo 60) 
substations were damaged to a minor degree only. 
rhe Suigenchi substation (Photo 59) had no at- 
tached building but depended on Building 6 of the 
Purification plant (Part E of this section) for 
lousing its recording equipment. Damage classi- 

cation of all substation buildings is given in 
Table 15. 

e. The substations of the Toyo Industries, Japan 
Foundry, and the Mitsubishi Shipyards and In- 
dustries were undamaged, being at distances 
Sreater than 15,000 feet from GZ. The damage to 
the substations of Hiroshima Electric Railway Co., 
Tne., will be found in Part A of this section, 

é - The 110-kilovolt, high-tension lines of the 
“Ippon Electric Co. were undamaged, the nearest 
Pomt of these lines being 11,000 feet from GZ. 
oo Was neither blast nor fire damage to the 
22-kilovolt overhead transmission lines (Photo 7 3) 
of the Chugoku Electric Co., although the 22-kilo- 
volt overhead lines which supplied the Misasa sub- 
Station (Photo 74) were only 5,700 feet from GZ. 
Approximately 70 percent of the 3.3-kilovolt over- 
‘ead transmission lines and feeders, including 
Pole-mounted transformers, was damaged by blast 
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and fire. (Norre.—In the following pages, photos 
with an asterisk (*) will be found in Part A, and 
those marked with a number sign (#) will be 
found in Part C of Sec. XIII.) Of the 6,400 wood 
poles (Type 1), 500 were broken by blast (Photos 
*16, 76, 77, 78, 79, 80, 81, 82, and 84), and 3,500 
were burned (Photos 82, 85, 87, and 88). Of the 
30 steel-lattice poles (Type 3) 6,000 feet from GZ, 
27 were damaged by blast (Photos *17, *19, *22, 
76, and 77), having been bent at the base. No con- 
crete poles (Photo *23) were damaged, the nearest 
concrete pole being 6,000 feet from GZ. Overhead 
transmission wires were found parted and down 
8,000 feet from GZ as a result of blast (Photos *86 
and *88). The limits of damage to the types of 
poles of the Chugoku Electric Co. are shown on 
Table 19. 


TaBLe 19.—Pole damage limit 


Damage 
Pole . Sn NT 
Material 
type sta, 
Blast (feet) aaa ea. 
Ms ee WOO axe wy eae en oe 4, 500 7, 000 7, 500 
2 Steel lathes 2s 5 seh Re QO esis on Se 
5 tEAGONGHGIOE os Bra Aen aaibe Pr eae Naor EL Pee 


g. Of the 70 percent of the 3.3-kilovolt overhead 
lines and feeders damaged, it was estimated that 
10 percent could be salvaged for reuse with the 
exception of the pole-mounted transformers 
(Photo 75), which were totally damaged, requiring 
100 percent replacement. The remaining 30 per- 
cent of the overhead was only 90 percent operative 
because the overhead transmission beyond the 
points of damage could not be supplied with elec- 
tricity due to the heavy damage in the Otemachi 
and Sendamachi substations. The 3.3-kilovolt 
lines in these areas which were undamaged were 
divided among the adjacent substations, and sup- 
plied with power by shunting around the Otemachi 
and Sendamachi substations and interconnecting 
with the other available substations. Figure 10 
shows the extent of damage and replacement of 
overhead. 

h. The subsurface 22-kilovolt transmission sys- 
tem was undamaged and consequently power could 
be supplied immediately to the substations which 
were operative. The 22-kilovolt subsurface lines 
supplying undamaged facilities from the damaged 
substations were shunted around those substations 
and supplied by others. 


PHOTO 72-XIII. Blast damage to the office of the Chugoku Electrie Co. (Bldg. 26), 2,300 feet from GZ. 
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PHOTO 73-XIII. Conversion from overhead transmission system to subsurface system. Undamaged 
at 9,500 feet from GZ. 
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PHOTO 74-XIII. High tension tower, 6,500 feet PHOTO 75-XIII. Pole-mounted transformer 
from GZ, undamaged. damaged by fire, 200 feet from GZ. 


PHOTO 76-XIII. Steel lattice and wood pole 2,000 feet from GZ. 
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PHOTO 77-XIII. Steel lattice and wood pole 2,000 
feet from GZ. Framing members of Bridge 30A also 
damaged at this distance. 


PHOTO 78-XIII. Wood poles 3,000 feet from GZ. PHOTO 79-XIII. Wood poles 3,000 feet from GZ. 
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PHOTO 80-XIII. Wood pole down at 4,000 feet from GZ, 


PPOTO 81-XIII. Broken wood pole 4,500 feet PHOTO 82-XIIJ. Burned poles 4,500 feet from 
from GZ. GZ. 
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PHOTO 33-XIII. Broken and replaced wood PHOTO 84—XIII. Broken wood pole at 4,500 feet 
pole 4,500 feet from GZ. from GZ. 


PHOTO 85-XIII. Burned poles at 5,500 feet from GZ. 
This area was 40 percent built up Burning of area 
resulted also in burning of poles. 
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PHOTO 86—XIII. Tilted wood poles 7,000 feet from 
GZ. Note flash burns and severe tilt away from blast. 


PHOTO 87-XIII. Charred poles 7,500 feet from 
GZ. 
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PHOTO 88-XIII. Scorched poles and wire down 
8,000 feet from GZ. 


i. By the end of September 1945, when all avail- 
able substations were in operation 40,000 kilowatt- 
hours per day for lamps and 10,000 kilowatt-hours 
per day for motors and heaters were being con- 
sumed. This indicated a 50-percent reduction in 
the use of lamps and 94-percent reduction in the 
use of heaters and motors, or an 80-percent over-all 
reduction in the use of all electrical facilities. 

j. The estimated cost of damage to the electrical 
power and light facilities on 15 November 1945 
was 10,000,000 yen, or $2,500,000 at the 4-yen-to-a- 
dollar rate of exchange. 

k. Of the 600 employees of the Chugoku Elec- 
tric Co., 100 were killed, 100 injured, and 50 
missing. 


4. Recommendations and Conclusions 

a. The electrical generating, transforming, and 
transmission equipment of the Nippon Electric 
Co. and the Chugoku Electric Co. was on a stand- 
ard comparable to that used in the United States. 
This was not unexpected, since the design data 
for the equipment of these Japanese firms were 
supplied by the leading electrical companies of the 
United States. Some modifications in the equip- 
ment, however, were made by the Japanese. With 
the exception of the Otemachi and Sendamachi 
substations, the substation equipment successfully 
withstood the effects of the attack. Had fires not 
reached the Sendamachi substation at 8,000 feet 
from GZ, it is believed that damage would have 
been confined to equipment in the same degree as 
that at the Dambara substation at 8,200 feet from 
GZ (Table 15). If adequate fire protection had 
been maintained in the Sendamachi substation, 
damage would have been slight. Auxiliary pumps, 
however, would have been necessary to protect 
these vital utilities in case of power failure. Fires 
in the Otemachi substation were caused by the 
short-circuited equipment. Only one substation 
which amounted to 15 percent of the substation 
system was put out of service by blast and result- 
ing short-circuit fires. The remaining substations, 
having suffered only slight equipment damage, 
were operative wtihin a short time. From these 
facts it is considered that with modern equipment 
and normal fire protection 85 percent of the sub- 
stations would be immune to an attack of this type. 

b. With the exception of the office building of the 
Chugoku Electric Co., which was structurally 
damaged by blast, the substation buildings, being 
well dispersed, received only damage extending 
from superficial to shght, as shown on Table 15. 
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It appears evident in this case that dispersal of 
substations was adequate protection, but these con- 
ditions could be improved by the elimination of 
combustible material in or near the structures. 

c. The 110- and 22-kilovolt overhead transmis- 
sion systems received no blast or fire damage, a 
terminal of a 22-kilovolt line being at the nearest 
point, 5,700 feet, from GZ. The 3.3-kilovolt lines 
with the connecting feeders were particularly 
vulnerable to an attack of this type, and approxi- 
mately 70 percent of the transmission lines were 
damaged. The Type 1 poles were damaged by 
blast up to 4,500 feet from GZ and by fire up to 
7,000 feet from GZ. The Type 3 poles were vul- 
nerable to 6,000 feet from GZ. Since there was no 
Type 3 poles farther than this from GZ, the limit at 
which they could withstand the blast could not be 
determined. Inasmuch as only 10 percent could 
be salvaged from the 70-percent damage, a consid- 
erable amount of replacement and repair to an 
overhead system carried on Types 1 and 3 poles 
could be anticipated from an attack of this sort. 

d. Since the subsurface lines buried 4.5 feet be- 
low ground elevation were undamaged, all 22-kilo- 
volt lines were available for use. If costs were not 
exorbitant, a subsurface system for lines of lower 
voltages would be the best protection. 


D. TELEPHONE COMMUNICATIONS  SYS- 
TEMS 


1.. Summary 
a. Trafic. The Bureau of Telephones of the 


governmental communications department admin- 
istered and operated all telephone communications 
within and through the city of Hiroshima which 
was divided into two districts, the Central District, 
which maintained a manually operated system and 
had 5,500 subscribers, and the Western District, 
which maintained a dial system with 3,400 sub- 
scribers. The average local traffic per month was 
3,240,000 calls. Long-distance calls, averaging 
435,000 per month, were routed through the central 
district. Telephones and equipment were of 
Western Electric design and Japanese manu- 
facture. 

b. Transmission System. The transmission sys- 
tem consisted of both overhead and subsurface 
lines. The Central District (Fig. 13) maintained 
104,790 feet of overhead cable carried by 4,958 
poles, and 30,232 feet of conduit-encased, subsur- 
face cable. The Western District maintained 
53,660 feet of overhead cable carried by 2,493 poles, 
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and 9.770 feet of conduit-encased ‘cable. All sub- 
surface cable was buried 4 feet below ground ele- 
vation. Intersections occurred at manholes, of 
which there were 223. Because of the number of 
branches of the Ota River, 18 bridge cable cross- 
ings and 9 subriver crossings were necessary. 
Subriver cable was buried 4 feet below river 
bottom. 

¢. Building Damage. The buildings of the Cen- 
tral and Western District exchanges are treated 
in the building damage section and are found in 
Table 23. The initial damage to the equipment in 
_ both exchanges was by blast. Fires from short 
circuits totally damaged all equipment in the Cen- 
tral District exchange, but new, enclosed-type 
equipment in the western district reduced short- 
circuit fire damage to 50 percent. All telephone 
communications were disrupted. 

d. Overhead Transmission System Damage. 
Approximately 80 percent of the overhead system 
was damaged by blast and fire; 97,280 feet of cable 
and 4,551 wood poles being damaged in the Central 
District, and 51,280 feet of cable and 2,293 wood 
poles in the Western District. A 10-percent sal- 
rage value was estimated. Wood poles were dam- 
aged by blast at 4,500 feet from GZ and burned at 
6,500 feet. Cable was stripped from hangers at 
8,000 feet. 

e. Bridge Damage. There was no damage to 
the conduits and manholes carrying the subsurface 
system. Damage to Bridges 6, 138A, 21, 24, and 29, 
however, as well as damage to cable exit points on 
conversion to overhead, put approximately 80 per- 
cent of the subsurface system out of service. By 
15 August 1945, 35 pairs of subsurface cable had 
been repaired and were available for use. All 
bridge data are covered by the Bridge Damage 
Section, and any conclusions drawn by that sec- 
tion for means areas of effectiveness for bridge 
will apply also for this section. 

}. Subsurface Transmission Damage. The sub- 
surface system at 4 feet below ground elevation 
would have been intact if it had not been exposed 
to exterior damage at bridge crossings and exit 
points to the overhead system. Approximately 80 
percent of the subsurface system was put out of 
service, but the majority of the cable was 
salvageable, 

g. Cost of Damage. The estimated cost of dam- 
age to telephone communications by the attack was 
approximately 10,000,000 yen, or $2,500,000 at the 
4-yen-to-a-dollar exchange rate. 
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h. Casualties. Of the 900 personnel employed, 
350 were killed, injured, or missing. 


2. The System 

a. All telephone communications in Hiroshima 
were under strict government supervision. The 
telephone service was divided into two types, the 
dial and manually operated systems. The Central 
District, all that portion of Hiroshima east of the 
Ota River, utilized the manually operated system, 
having 5,500 subscribers serviced through Ex- 
change Building 43. The Western District util- 
ized the dial system, having 3,500 subscribers 
placing calls through Exchange Building 85. In 
addition, there was a relay station for interurban 
service through Hiroshima. The local telephone 
traflic within the city for both types of exchange 
averaged 3,240,000 calls per month. All long-dis- 
tance traflic was routed through the Central Dis- 
trict exchange and via the Western District 
exchange, if the call was placed or taken in 
that district. The long-distance traftic averaged 
435,000 calls per month. The locations of the 
telephone-exchange buildings in the Central and 
Western districts of Hiroshima City, listed as 
Buildings 48 and 85, respectively, by the Building 
Damage Section, and all overhead and subsurface 
transmission systems of the Bureau of Telephones, 
Governmental Communications Department, are 
indicated on Figure 13. 

6. The manually operated telephonic equipment 
in the central exchange building was of the 
Western Electric Co. type, manufactured by the 
Oki Electric Co. Installation of equipment was 
completed in 1920 by the same company. The dial 
telephone equipment in the Western Exchange 
Building was also based on the Western Electric 
Co. type and manufactured by the Oki Electric 
Co. which completed the installations in February 
1940. All telephones were of Western Electric 
manufacture. Conversion equipment for both ex- 
change buildings was of Japanese design and 
manufacture. 

c. As shown on Figure 13, both overhead and 
subsurface transmission systems were used. The 
number of pairs and length for each circuit are 
shown in Table 20. (One pair of wires was neces- 
sary for each telephone connection.) 

The length of pairs was measured to the city lim- 
its only. Standard, lead-sheathed telephone cable 
was used in both overhead and subsurface systems. 
Of the 4,958 poles in the Central District, 4,951 
were wood, 2 were steel, and 5 were concrete. The 


TABLE 20.—Overhead and subsurface transmission cable 


Central district Western district 


Number of pairs per cable Slates | 
Subsurface | Overhead | Subsurface | Overhead 


(feet) (feet) (feet) (feet) 
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POOR. eae = ES 970 | 53, 328 32 26, 445 
150 Se a ae ee aT LOO. 82) O44 tenchast 18, 926 
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Western District had wood poles only, numbering 
2,493. Figure 14 illustrates details of the types 
of poles used. In designing the telephone system 
the Bureau of Telephones favored the use of large 
cables for subsurface transmission and small cables 
for the overhead system to facilitate connections to 
subscribers. Various types of ducts or conduits 
were employed as indicated in the following table: 


TABLE 21.—Types of conduit 


d. All subsurface conduit was buried 4 feet. be- 
low ground elevation. Intersections of cables in 
the subsurface system occurred at manholes which 
totaled 223. Of these, 10 were brick and. 213 were 
reinforced concrete. Figure 15 shows the con- 
struction of both types. The brick manholes were 
built when the telephone system was first started, 
but were later discarded in favor of the reinforced- 
concrete type. The manholes were not water- 
proofed nor did they have drains. Because of the 
numerous branches of the Ota River passing 
through Hiroshima, 27 crossings were necessary 
for the local and long-distance circuits. Of these, 
18 were bridge crossings and 9 were subriver 
crossings, one of the latter being a local circuit, and 
the others, long-distance lines as shown on Figure 


13. Conduits were buried 4 feet below river bot- 
tom. Table 22 gives lengths of bridge cable 
crossings. 


Conduit-protected cable was attached to some 
steel and concrete bridges, but no conduit was pro- 
vided for cable on timber bridge crossings. 

e. There were approximately 900 persons em- 
ployed by the Bureau of Telephones for office work 
and maintenance operations. 


Conduit type Mains Laterals Pie po thickness 
* fee) | Se? | Gnenes) | Gnetes) «3, Analysis of Damage 
; a. The Central and Western Districts Exchange 
Half-iron, half-steel_----|18, 761 |53, 201 | 2.953 | 0. 355 Buildings were listed as Buildings 48 (Photo 
Cestine -0o 62-22 ik 5, 443 | 6, 592 | 2. 953 . 315 peas : : 
Seater 1,200 | 2,800 | 2. 953 315 89) and Building 85 (Photo 91), respectively, by 
Pips Beneath 5 etary 1,143 | 5,401 | Varies | Varies the Building Damage Section, and the damage 
analysis for these buildings is contained in that 
TABLE 22.—Cable over-crossings 
F Length ; Number : 
Bridge Grid (feet) Type of bridge of pairs Protection Local or interurban 
per cable 
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[Areas in 1,000’s of square feet] 


TABLE 23—XIII.— Hiroshima telephone communications system— building data 


Build- . Pl ai Build- Build- 
so Grid Usage Type sae Stories ety : ta 
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section. Table 23, however, shows the extent of 
damage to each building. 

b. The equipment in the Central District (Photo 
90) and the Western District (Photo 92) Exchange 
Buildings, which were 2,800 and 3,800 feet, respec- 
tively, from AZ, was initially damaged by blast. 
Short circuits from damaged equipment started 
fires that totally damaged the equipment in the 
Central District Exchange Building. Eyewit- 
hesses stated that the equipment was afire immedi- 
ately after the explosion, corroborating a statement 
made by the chief engineer of the Bureau of Tele- 
phones. Since the equipment was on the opposite 
side of the building facing AZ, adequate protection 
from radiant heat was afforded by the concrete 
Slabs. It was therefore concluded that short cir- 
cuits were the cause of the fire, which was in agree- 
Ment with the Japanese. The equipment in this 
exchange was of the old, open type and burned 
freely ; the Western District Exchange equipment, 
being of recent manufacture, was enclosed and the 
damage due to blast and short circuit fires was re- 
duced to 50 percent, but the damage was sufficient 
to halt all telephone communications. Blast and 
fire destroyed approximately 7,000 telephones. 

c. The greatest damage to the telephone trans- 
Mission system was in the overhead section (Photos 
“16, *17, *18, *99, *23, and 94 through 98). The 
Majority of poles, being wood, were downed by 

last or were consumed by the fire that followed. 
Lead-sheathed cables were totally damaged by 

te, being consumed up to the point of entry of 
the subsurface system (Photo 93). Wood poles 
(Photo +87) were broken off at varying heights 
Up to 4,500 feet from GZ and were burned (Photo 
#85) at a distance of 6,500 feet from GZ. Cable 
(Photo 98) was stripped from the hangers at a 
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distance of 8,000 feet from GZ, but the poles were 
upright and the cable was otherwise undamaged. 
Figure 13 indicates the extent of damage to the 
overhead system and shows the distances to GZ. 
Table 24 lists damage to the overhead transmission 
system. 


TABLE 24.—Damage to overhead system 


Central dis- 
trict (feet) 


Western dis- 


No. of pairs per cable trict (feet) 


YAU elspa te te Sed ee, spake nine EW ae SiC [ha 
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d DFA INGer se ae eee ne 2, 262 1, 320 
WOME Gein a aad ee oes 4, 551 2, 293 


No concrete poles were damaged (Photo *23), 
Approximately 80 percent of the overhead system 
of both the Central and Western District was dam- 
aged. The salvage value of the damaged equip- 
ment and materials for the overhead systems was 
estimated at 10 percent. 

d. Upon examination of the subsurface trans- 
mission system by officials of the Bureau of Tele- 
phones subsequent to the attack, no damage to 
manholes or ducts was found. Examination of 
manholes by members of the survey revealed no 
evidence of cracks, breaks, or other damage. A1- 
though no actual damage was done to the subsur- 
face system in itself, the damage to bridges (Photos 
99 through 104) serving as overcrossings and exit 
points on conversion to the overhead system put 
out of service approximately 80 percent of the 
subsurface system. Table 25 indicates the damage 
to bridges as estimated by the Bridge Damage 
Section. 


PHOTO 89-XIII. Bureau of Telephones’ Central District Exchange Building showing damaged 
equipment, 2,000 feet from CZ. 


PHOTO 90-XIII. Equipment damage in the Central District Exchange Building. 
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PHOTO 91-XIII. Bureau of Telephones’ Western District Exchange Building, 3,300 feet from GZ, 


PHOTO 92-XIJI. Equipment damage in the Western District Telephone Building. 
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Telephone-cable transition from subsurface to overhead system damaged by blast and 


PHOTO 93-XIII. 
fire, 1,200 feet from GZ. 


Stripped cable 4,500 feet from 
GZ. 


PHOTO 95-XIII. 


PHOTO 94—XIII. Damaged wood pole and cable, 
2,500 feet from GZ. 
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PHOTO 96—-XIII. Steel-lattice poles, 6,000 feet 
from GZ. Poles were downed by blast across road, 
but were removed to make way for traffic. 
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PHOTO 97-XIII. Damaged cable, 7,500 feet from PHOTO 98-—-XIII, Cable downed, 8,000 feet from 
GZ. GZ. 
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TABLE 25.—Damage to overcrossings 


Bridge Grid creel fem Gz Type 
6 4] 2GOs te OF LOO Meer ts eae 
13A 51 o0c3| 4-700 (622% ine cer mes 
21 5H 295 L400 io ek Oe os See 
24 | 4G-H 398 1,000 | Plate girder_______- 
29 5G 263 | 1,200 | Pin-connecting truss__ 


Figure 13 shows the location of the damaged 
bridges. Although Bridge 24 was not down 
(Photos 103 and 104), the severe blast effects 
parted the transmission cables. There was no 
damage to subriver crossings. Thus, the several 
types of damage put out of service the cables in 
each district as given in Table 26. 


TABLE 26.—Damage to subsurface system 


Central dis- | Western dis- 
trict (feet) trict (feet) 


Number of pairs per cable 


1,200. 2G alin gee OS ee 3, 880 2, 540 
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Repairs and reconstruction began almost immedi- 
ately and by 15 August 1945, 35 pairs of subsurface 
transmission cables were back in service. ‘These 
were used entirely by the prefectural government 
and Japanese military units. Since the equipment 
in the Central District Exchange Building was 
totally damaged, all telephone traffic was routed 
through the Western District Exchange. With 
the exception of the breaks at bridge crossings, 
connections were remade in subsurface circuits. 
By 30 August 1945, 50 pairs were available for 
long-distance use with the following cities: Tokyo, 
Osaka, Okayama, Shimonoseki, Fukasho, Iwakuni- 
Beppu, Matsuama, Takamatsu, Zentsuji, and 
Matsue Hamada. ‘Ten lines devoted to outlying 
vicinities of Hiroshima. During the floods of 
September 1945 and 5 October 1945, additional 
serious damage was added to that suffered as a 
result of the atomic-bomb attack. More bridges 
serving as overcrossings were damaged, as given in 
the following table: 


Number 

Cause of damage Extent of damage of pairs 

per cable 
Blast and fire_-___- Complete destruction _ ___ 100 
ete ase LO See Sy Pe Ls ese mene 1, 800 
15) (1) pegs el eee ey ESA ee GOs. eee oe 1, 000 
epee t One 22. LA BSlight @amages oe a. eee 800 
Rig fatten do___.......-| Complete destruction _ —_- 2, 000 


TaBLE 27.—Damage to overcrossings by flood 


oe 
er of 
Bridge | Grid aoe Type pairs | Extent of damage 
per 
cable 
31 6H 358. |. Concrete. =:-...2.-- 100 | Severe damage. 
33 6F A102 es 035 eo ee 100 Do. 
37 5G 180 | Plate girder. ____--- 2,000 Do. 


The remaining bridges were undamaged. Addi- 
tional repairs had to be made and circuits re- 
routed. As explained in the Sanitary and Storm 
Sewer Section of this report, water tables that 
were normally 8 to 12 feet below ground elevation 
rose to within 3 feet of ground elevation (Photo 
105). Since manholes were neither water-proofed 
nor drained, water seeped through the concrete 
walls and saturated the conduits. This caused 
more delay in the repair of the remaining sub- 
surface system. Cables, being lead-sheathed and 
well protected at manhole intersections, were not 
water damaged. The telegraphic system under the 
Bureau of 'Telegraphs was totally damaged, and 
the system was merged with the Bureau of Tele- 
phones. One telegraph line communicating with 
Tokyo and Osaka was operating by the middle of 
September 1945. 

e. The cost of damage, as estimated by the Bu- 
reau of Telephone officials on 15 November 1945, 
was approximately 10,000,000 yen, or $2,500,000, 
at the 4-yen-to-a-dollar rate of exchange. 

f. Of the 900 persons employed by the Bureau 
of Telephones, there were 350 persons killed, in- 
jured, or missing in the Central District Exchange 
Building and maintained areas, but none were 
killed in the Western District Exchange Building. 

g. Information regarding telephones, telephone 
equipment, telephone transmission system, and 
personnel was acquired from the chief engineer of 
the Bureau of Telephones in Hiroshima. 


PHOTO 99-XIII. Damage to cable at Bridge PHOTO 100—XIII. Damage to 2,000-pair cable 
13A, 4,700 feet from GZ. ' at Bridge 29, 1,200 feet from GZ. 


sole 


PHOTO 101-XIII. Flood damage to Bridge 31 PHOTO 102-XIII. Flood damage to Bridge 37 
Carrying 100-pair cable, 4,600 feet from GZ. carrying 1,000-pair cable, 3,200 feet from GZ. 
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PHOTO 104—XIII, Broken cable conduit at Bridge 24. 
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PHOTO 105-XIII. Water-filled, telephone manhole. 
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PHOTO 106 XIII. Debris-damaged telephone manhole cover 100 feet from GZ. Secondary cover undamaged. 
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4. Recommendations and Conclusions 


a. At the time of the attack the telephone com- 
munications system, although well designed and 
maintained, was particularly vulnerable to an air- 
detonated atomic bomb because of the method of 
transmission. The reasons for the disruption of 
80 percent of both the overhead and the subsur- 
face transmission systems were as follows: 

(1) The overhead system was carried on wood 
poles which were vulnerable to blast and fire. 

(2) Damage by fire and blast occurred at points 
of conversion from subsurface to overhead system. 

(3) The bridges used as overcrossings for cables 
were damaged by blast and fire. 

6. Had the subsurface system been divorced 
from overcrossings and had subriver crossings 
been used with well-protected exits to overheads, 
this part of the entire system would have been 
practically free of damage. Thus, the best pro- 
tection against this type of attack for telephonic 
communications would have been an entire sub- 
surface system for the city proper. The subsur- 
face system would have minimized the necessity 
of repairs. As shown by the existing subsurface 
system at Hiroshima, no damage occurred to the 
conduits or manholes 4 feet below ground level. 

ce. Exchange buildings would have to be numer- 
ous, well dispersed, and completely interconnected 
as stand-by units to insure service in the event of 
damage to the primary equipment. 


E. WATER SUPPLY SYSTEM 
1. Summary 

a. Capacity. The city of Hiroshima main- 
tained a water supply system capable of producing 
20,000,000 gallons of filtered water per day, or an 
average of 50 gallons per day per person. This 
system served approximately 90,000 buildings and 
dwellings including factories and other plants that 
required filtered water. In addition to the pota- 
ble water, wells were dug or drilled as supple- 
mentary sources for industrial and other uses. 

b. Location. The purification plant was ap- 
proximately 2 miles in a northerly direction from 
the center of the city and the pumping station was 
one mile beyond the purification plant. Both were 
located on the Ota River (Fig. 16). 

c. Equipment. ‘Table 28 shows the buildings 
utilized by the water supply system. Building 1 
had four river-intake pumps; Building 3 housed 
the standby units consisting of three Diesel-motor 
pumps and one generator; Building 4 contained 
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three booster pumps; two recording meters were 
in Building 5; in Building 6 were four reservoir 
pumps; and the pumping station had four river- 
intake pumps. 

d. Filter Beds. There were seven sand filter 
beds of 21,120 square feet each, with a 23-foot 
filtration rate per day through 3 feet of sand. 

e. Reservoir. A reinforced-concrete, earth-cov- 
ered reservoir of 4,500,000 gallons capacity was 
located 165 feet above the purification plant. 

/. Piping. All subsurface piping was standard 
250-pounds-per-square-inch, cast-iron, bell-and- 
spigot pipe. Equipment connections had screw 
ends with flange and bolt connections. Table 29 
shows the lengths of cast-iron mains used in Hiro- 
shima. Branches for dwellings varied from 14 to 
114 inches and, for buildings, 2 to 4 inches. All 
mains were buried 4 feet below ground elevation. 

gq. Valves and Hydrants. There were approxi- 
mately 132 cast-iron gate valves rated at 250- 
pounds-per-square-inch pressure. Hydrants were 
of two types, standard and flush, and were spaced 
600 feet apart in congested areas. 

h. Booster Pumps. There were three booster 
pumping stations, including the one at Koi. At 
the Koi station there was also a reinforced-concrete 
water tower of 234,000 gallons capacity. 

7. Overcrossings. Because of the delta system 
on which the city of Hiroshima was built, 17 river 
crossings were required. Of these, 14 were on 
bridges constructed and maintained by the city 
highway department and the prefectural govern- 
ment; the remaining three were aqueducts, con- 
structed and maintained by the water department 
of Hiroshima. ‘Table 32 gives the overcrossings 
and the sizes of mains carried. 

j. Camouflage. Attempts-at camouflage were 
made by the Japanese to conceal the purification 
plant and the Koi booster station. 

kh. Damage to Equipment and Buildings. Dam- 
age by blast to the pumping station at 14,000 feet, 
and the purification plant at 9,200 feet from GZ 
was slight. No fires occurred in these areas. One 
mootor in building 4 was burned out because of 
falling debris, and the metering equipment iD 
building 5 suffered heavy damage. Building dam- 
age is found in Table 28. All buildings in Table 25 
are classified similarly to the buildings of the — 
building damage section. Any conclusions draw? 
for the mean areas of effectiveness for buildings 
and equipment in that section will also apply t? 
the buildings and equipment in this section. 
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d Damage to Piping. Hiroshima water depart- 
ment officials attributed eight leaks in the mains 
to the attack. Upon inspection, it was the opinion 
of the team that one leak was developed by the 
action of Bridge 22 which was directly affected by 
the blast, and that the remaining leaks resulted 
from falling debris and other causes. There were 
no crushed mains. Approximately 70,000 branches 
were fractured or dislocated when buildings were 
damaged by blast and fire. 

Re Valves and Hydrants. One cast-iron valve, 
+ inches in diameter, and a few standard hydrants 
were damaged by falling debris. No flush-type 
hydrants were damaged. 

1. Booster Pumps. The booster pumping sta- 
tion equipment was damaged only slightly, but the 
buildings of Stations 1 and 2 were structurally 
damaged by the blast. 

0. Overcrossings. Bridge 29 which carried a 
16-inch main was put out of service; this damage, 
however, had no effect since a 16-inch main across 
Bridge 30A served the same district. Bridge 43, 
carrying a 14-inch main, suffered damage by blast 
and fire which greatly decreased the water volume 
in the area which it served. Floods of 17 Septem- 
ber and 5 October 1945 damaged other structures. 
Table 32 is a summary of bridge damage. All 
bridge data are classified in the Bridge Damage 
Section, and any conclusions drawn for the mean 
areas of effectiveness for bridges and their attend- 
ant utilities are applicable to this section. 

p. Cost of Damages. The cost of damages as 
estimated on 15 November 1945 was 3,000,000 yen, 
or $750,000 at the rate of 4-yen-to-a-dollar. 


2. Description of the System 

a. In order to give a better description of the 
water distribution system, Figures 16 and 18 are in- 
cluded to show the locations of buildings and pip- 
ing of the pumping station and the purification 
plant, as well as the distribution system within 
Hiroshima, including booster pumps. 

b. The purification plant was approximately 2 
miles north of the center of the city, and the pump- 
ing station was located 1 mile beyond the purifica- 
tion plant, both on the Ota River. Water was 
taken from the Ota River and, after being proc- 
essed in the purification plant, was piped to Hiro- 
shima. The average daily water-consumption rate 
was 20,000,000 gallons or 50 gallons per day per 
person. Approximately 90,000 buildings and 
dwellings were serviced, including factories and 
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production plants which required pure water for 
operations. The 90,000 buildings and dwellings 
were divided into 12 water districts and 4 commu- 
nities, namely Kusatsu, Misasa, Niho, and 
Mukainada. The population of each district, or 
community varied in size and density of popula- 
tion, ranging from 6,700 people in Mukainada to 
71,000 in District 12. In addition to the water- 
distribution system, 85 percent of the dwellings 
had wells from which water for other uses was 
drawn. These wells were either dug or drilled to 
obtain water at the normal water table which was 
from 12 to 16 feet below ground level. Approxi- 
mately 20 percent of the wells were dug and 80 
percent were drilled. Thus, with a combination 
of the water-distribution system and the well 
system, there was more water available than the 
daily average of 50 gallons per day per person 
furnished by the public system. 

c. The pumping station shown on Figure 16 was 
approximately 1,200 feet from the Ota River. <A 
series of interconnected wells, as shown on Figure 
17, collected the subsurface water from the Ota 
River and four electrically-operated, centrifugal 
pumps transferred it from the river intake to the 
filtration plant. Each pump had a capacity of 
5,220 gallons per minute against a head of 75 feet. 
and was powered by an electric motor of 165 horse- 
power at 3,000 volts. ‘The pumping units were de- 
signed and manufactured by the Inoguchi Shi- 
baura Motor Co. of Tokyo. The pumping station 
building was of heavy, reinforced-concrete design 
with a 3-ton traveling crane; the building classifi- 
cation is indicated on Table 28. The station was 
electrically operated and all pumping-unit 
switches and telltale lights were operated from a 
single cabinet panel. A single 36-inch, cast-iron, 
bell-and-spigot main carried water to the purifi- 
cation plant. 

d. Figure 18 shows the general arrangement of 
the purification plant, including buildings, basins, 
and reservoirs. When raw water was taken at this 
plant from the Ota River an intake gate or intake 
tower provided an ingress to the system, as shown 
on Figures 19 and 20. 

e. Two 18-inch, cast-iron pipes, or two alternate, 
24-inch cast-iron pipes (Fig. 18) carried the water 
to the intake pumps and straining basin as de- 
tailed on Figures 21 and 22. Raw water from the 
pumping station also flowed through this system. 
It was necessary to have three intake systems be- 
‘ause of the heavy flow of alluvial material in the 
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TABLE 28—XIII.—Hiroshima water distribution system— building data 


{Areas in thousands of square feet] 


arid Grid Usage Type eed Stories ee ie: 
HE-V | Fire-V 
lish Pump house__......| D 1.4 1 v4 R 
2-3 eee Storehouse__________- D 1.4 1 V4 C 
3. gee Pump plant-2s.42 2 A2.3 | 15.3 1 V4 C 
4.3 Pump house__-___._- D .6 1 V4 Cc 
5. 228 eee Meter station________ D .3 1 v4 R 
ene fee Pump house____-_ D 201 1 V4 C 
fe eee oe oe Chlorine plant_____- D 2 1 V4 R 
822-22. fees One es oa rs D 8 1 v4 Cc 
9. 622. eee Watch station______- D 4 1 V4 Cc 
Fumes Pump house.-.---_-- D 2.6 1 V4 R 
station. 


Ota River which completely filled the intakes with 
sand and gravel during flood stages. 

7. The four intake pumps in Building 1 had a 
capacity of 2,600 gallons per minute against a 
32-foot head. The electric motors for the pumps 
were rated 35 horsepower at 3,000 volts AC. 
Pump units were of Japanese design and manu- 
facture. In order to insure a continuous flow of 
water, the Diesel-powered pumps in Building 3 
(Figs. 23, 24, and 25) were used as a stand-by unit 
in case of break-down of the main pumps in Build- 
ing 1. The three Diesel engines and pumps were 
of Deutz design and German manufacture, each 
having a capacity of 2,620 gallons per minute at 
200 horsepower against a 32-foot head. In addi- 
tion to the main and auxiliary pump station, a 
booster station at Building 4 was maintained con- 
sisting of three electrically operated pumps, each 
having a capacity of 3,320 gallons per minute at 
210 horsepower against a 32-foot head. 

g. The settling basins or reservoirs are shown on 
Figures 26 and 27. Until the outbreak of the war 
the water was chlorinated, but, due to the priorities 
placed on chlorine, none was available thereafter 
for water chlorination. The chlorine was intro- 
duced into the water prior to filtration. This was 
accomplished at the chlorination plant (Building 
7), which is shown on Figure 28. The capacity of 
the chlorination plant was approximately 600 
cubic feet of gas per day. All equipment in the 
plant was of Japanese manufacture and design. 
There were seven sand-filter beds, 21,120 square 
feet each, capable of a filtration rate of 23 feet of 
water through 3 feet of sand per day, or a total of 
approximately 80 acre-feet of water per day. 


tance 


aot Equipmen 
Building damage (floor area) Aad , 
Dis- Total — SS SSS Sa Sage SS 
, floor se bee ural ir eg 
(ten area damage damage iden ~ 
ssi See sascha RN lk 
Blast| Fire | Mixed| Blast} Fire 
9, 200 Deere Ute 2 Cae Sh le ee sli Palet Peete na SF Nance None 
9, 200 ae ok ore ei eg Pa oe em yi (2 ieee Skea) LEE eye Do 
DAN te Oneal esac Glee Spt eee te We lee Moderate. __|_..--- Do. 
9, 200 RC oe pense PR (eevee Ossie ees do__- 50 | Debris 
9, 200 Dale soe Sah eee SPE ee ee a oe 3 (i epee 20 | Blast 
9, 200 a) Sid (CT) a it NON hd Seeat a Gce Gee nea es None 
9, 200 A SR RD) Ue Rete SWE lig i Slight a2 oia2 22 Do 
9, 200 AG OR a Seaton) (FSP = i Paar Severe... 22) |2..-5: 
9, 200 dl Wate ey Peis al Ful e Ree pee Deabeed| M Ba Blight. Ss 
14, 000 DOG Poe te oe yee Sg has BAS oe 2 (7 fe eae (ie ot sp Do 


Cleansing and processing of sand took place every 
30 days. Figures 29 and 30 show details of the 
filter beds. 

h. The pumping station at Building 6, which 
transferred filtered water to the reservoir, con- 
sited of four electrically driven pumps, each hay- 
ing a capacity of 5,220 gallons per minute against 
a head of 165 feet. The pumps were driven by 
165-horsepower electric motors operated at 3,000 
volts. One motor unit was of Swiss design and 
manufacture; the remaining three were manufac- 
tured by the Inoguchi Shibaura Motor Co., of 
Tokyo. Figures 31 and 32 show the details of 
this station. Building 5, the metering station, 
controlled the flow of water to the distribution 
systems. ‘Two recording meters kept continuous 
charts of maximum and minimum. flow at demand 
and slack periods. 

¢. It will be noted that all the powered equip- 
ment was electrically operated with the exception 
of the stand-by Diesel-powered pumps. The Sui- 
genchi electric substation of the Chugoku Electric 
Co. (a subsidiary of the Nippon Electric Co.) pro- 
vided all the power, transforming 22 kilovolts 
down to 3,000 volts. This power substation was 
located at the purification plant. In addition to 
the Suigenchi substation, an auxiliary source of 
electric power was maintained in case of failure 
of the Chugoku Electric system. The auxiliary 
unit, located in Building 3 was a Diesel-powered 
generator of the German Deutz type, generating 
260 kilovolt-amperes at 3,000 volts. The Diesel 
engine developed 350 horsepower. ‘Table 28 sum- 
marizes the buildings at the pumping station and 
purification plant (Fig. 23) and shows the classifi- 
cation. 
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j. All subsurface piping was standard 250 
pounds per square inch, bell and spigot type, with 
the exception of connections to pumps, where 
screwed pipes and flanges were employed. Steel 
pipe of 250 pounds per square inch strength with 
flanged ends was used for connections within 
buildings. 

hk. A reservoir of 4,500,000 gallons capacity 
(Figs. 33 to 36 inclusive), located on a hill 165 
feet above the purifcation plant, provided storage 
for filtered water prior to delivery. The reservoir 
was of reinforced-concrete design with an earth 
cover as detailed on Figures 33 and 36. The water- 
distribution system began at the reservoir and tra- 
versed the city (Fig. 16). Bell and spigot type, 
250 pounds per square inch, cast-iron pipe of 
standard lengths was used for mains from 4 to 30 
Inches in diameter, the only exception being those 
Mains attached to bridges where flanged connec- 
tion and expansion joints were employed. 
Branches tapped from mains for dwellings varied 
in diameter from 14 to 114 inches, depending upon 
the size and use of the unit, and buildings were 
Serviced with 2- to 4-inch-diameter, steel-screwed 
Pipes, capable of withstanding a pressure of 250' 
Pounds per square inch. Table 29 gives the length 
in linear feet of the cast-iron mains and laterals 
Within the areas indicated on Figure 16. 


Tarue 29.—Water distribution mains and laterals 


Diameter (inches) | Length (feet) Diameter (inches) Length (feet) 
Bone ASS 1g Sag Todas ete, oer 10, 500 
Beles esti! P9001 1Bss 2 See rane 41, 100 
simp 15,800") tdci se oe =i 16, 200 
<a ee {9000 I) eins ae eee 2, 400 
1g: 115, 000 || 4; 6,6, and’7---| , 875, 000 


All mains were buried 4 feet below ground eleva- 
fon. Figures given by the water department of 
Hiroshima indicated pressures in the city center to 
© 40 pounds per square inch, with pressure at 
terminal points reduced to 5 pounds per square 
'nch. The following numbered locations designate 
the pressure in pounds per square inch taken by 
actual test. (Fig. 16 shows locations of tests.) 
The volumetric flow through the mains from the 
reservoir as determined by test was 4.9 second-feet 
for the 20-inch diameter pipe, 6.9 second-feet for 
the 22-inch diameter pipe, and 16.7 second-feet for 
the 30-inch diameter pipe, at a point approxi- 
ately 6,000 feet from the manifold. 


TABLE 30.—Pressure in mains 


. . °’ressure 
Size of main Pressure 


Location (inches) £ arcry eg 
| crop ea als Ee si Sets ee ee 30 65 
7s le Ralph pe AD Sa gtd SEIT rg PAE 20 30 
Sie go, ea a te AN gs SOs ee eR nee eee 16 20 
7, NOS ieee rhs OR cae Oe Ye eC 12 10 
La eae, ice a oete pn e ea tea a ley Mra 10 20 
Re ee et amos ke) nage ea HZ 10 


/. Each of the 12 water districts and 4 communi- 
ties had from 10 to 12 valves. Gate valves rated 
at 250 pounds per square inch were placed at points 
where mains could be maintained against breaks or 
leaks. Two types of hydrants were used for fire 
protection, namely, standard or above-ground type 
(Photo 121), of which there were 2,000, and the 
flush or subsurface type, of which there were 2,200. 
In the congested areas hydrants were spaced at 
600-foot intervals. 

m. At the time data for this report was being 
compiled officials of the water department declared 
that full information could not be given as records 
had been destroyed. ‘Three booster stations, how- 
ever, as shown on Figure 16, were found. The Koi 
booster station did not augment the city water sys- 
tem pressure, but maintained pressures for the Koi 
area. Thisstation had 30-horsepower, electrically 
driven pumps, each having an output of 3,600 
gallons per minute. A water tower constructed 
of reinforced-concrete had a capacity of 234,000 
gallons and acted as storage for the area. Booster 
pump stations 1 and 2, housed in wood-frame 
buildings of approximately 400 square feet each 
(Fig. 16), were of the same capacities as the Koi 
station but had no connecting water-tower storage. 
All equipment in these stations was of Japanese 
design and manufacture. A deep-well pump with 
a capacity of 1,500 gallons per minute was installed 
to supplement the normal water supply at the 
Army Divisional Headquarters. (Pump house 
equipment shown in Fig. 37.) 

n. Because of the delta formation of Hiroshima 
numerous overcrossings were required to com- 
plete the water-distribution system (Fig. 16). The 
water department of Hiroshima constructed a 
crossing originally called the Kandabashi Aque- 
duct (Figs. 38 and 29), but it was destroyed by the 
flood of 1944, and the 20-inch water main was 
transferred to Bridge 10. Similarly, a wood aque- 
duct carrying a 14-inch main was destroyed by pre- 


TABLE 31.— Water distribution overcrossings 


Bridge No. Grid Bridge type 
PAP ais WO Sle Eh RV a Ae ae alld bdo e Concrete® 2eee 2 oe 
5A (Enkobashi aqueduct) ___- —- 5J | Steel truss_-__- 
7A (Sakaebashi aqueduct) -— —_- 7 IP eae halo Vo iekagete tae er 
LO Dee tee Pe ee Ske Conerete sper ee ifs 
Lass eas AE Sept Pease Be, spe Es Si + Plate girder... -.0 22. 
fy ARI tl EIN, SS at i i fis al ee ea 0 Vo pee 
Ws eg Fe ree te ee 5G} Concrete. 225.02 Soe 
PU eee oe ea See ales et GG Shel Ma ee hee 
DOS es ee Ni ae meen Hr aeinte: wirdenes=s2U hae 
py (ne saan oe a EE et es 3G | Steel arch-_--_-_- ee ee 
DOE ee peat eee ies BGS Steel, peUssae ae 2.845) ene 
30A (Shinobashi aqueduct) -_ __ ia} GAM (ppt na 6 (a ple Spee ate toe Oe era 
Sita onh PR ee rete cine DEE Ie 6G) -Coneretes eke 4 ee 
bs PAE Aas, Ae eee OE pelea A ahs, 02 ie 6F Sdgetee 
Ds Sea Ee ees Pewee ORE e ee 5G | Plate girder-__- 
7s Ie es pel eee NAS galas Nik Care te 40> | Dimberess 22 
Bye eo bepiees Marine ete s. Wye ne Ane) Plate girder. '.. 2 ceee 


vious floods and the main was transferred to 
Bridge 43. The Enkobashi Aqueduct shown on 
Figures 40 and 41, the Sakaebashi and the Shino- 
bashi Aqueducts, Figures 42, 43, and 44, are in- 
cluded in this report as Bridges 5A, TA, and 380A 
respectively. The overcrossings or aqueducts are 
listed as follows in Table 31 which was taken from 
the Bridge Damage Section. 

o. In 1943 efforts were made to camouflage water 
distribution equipment, but the camouflage was 
not maintaned. At the purification plant wires 
were strung over the settling basins and filter beds 
to support netting and garlands, and shrubs and 
branches were placed on the reservoir earth cover. 
A bamboo and net cover was placed around the 
Koi water tower. 


3. Analysis of Damage 

a. The damage to the pumping station (Photo 
107) and purification plant (Photo 108), buildings 
and equipment (Photos 109, 110, and 111), 14,000 
and 9,200 feet from GZ, respectively, on 6 August. 
1945 can beconsidered as negligible. All damage 
suffered by buildings (Photo 112) and equipment 
was by blast. No fires started in this area. Glass 
panes in all buildings were broken by the blast, as 
well as window frames, doors, and door frames. 
Some roof stripping occurred on Buildings 3, 4, 
and 6 (Photo 113). Sidewall damage occurred to 
Building 8. All building damage is indicated on 
Table 28. 

6. Splinters of glass from broken window 
panes in Building 4 entered the rotor cage of one 
motor while it was in operation and the motor 
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yoke ee ie Constructed by— 
276 16 | Highway department. 
eas 220 16 | Water department. 
aa ca 289 22 Do. 
307 20 | Highway department. 
208 16 | Prefectural government. 
544 12 Do. 
259 18 | Highway department. 
276 16 | Prefectural government. 
164 16 Do. 
200 10 Do. 
263 16 Do. 
350 16 | Water department. 
358 16 | Highway department. 
410 16 Do. 
sie? 169 14 | Prefectural government. 
baie 410 14 Do. 
240 12-14 Do. 


shirt-circuited and burned out as a result. The 
metering equipment in Building 5 (Photo 114) suf- 
fered heavy damage by blast, but the use of the 
valve system was not impaired. 

ce. Due to a short circuit in the high-tension, 22- 
kilovolt lines leading to the Suigenchi electric sub- 
station, power was cut off immediately. No dam- 
age occurred within the substation. The power 
cut-off stopped the pumping stations but, after 
examination of the pumping station and purifica- 
tion plant revealed no damages, the auxiliary gen- 
erator was started. Water was pumped and 
filtered from power supplied by the auxiliary gen- 
erator from 6 August 1945 until 9 August 1945. 

d. The intake (Photo 115), settling basins, filter 
beds (Photo 116), and reservoir were undamaged. 
No leaks in piping or mains to or from the intakes, 
settling basins, filterbeds and the reservoir had 
been detected. The water in the reservoir, how- 
ever, dropped to a seriously low level because of 
leaks in pipes within the city. 

e. Building and equipment damage is summa- 
rized in Table 28. With the exception of Bridge 
29, which will be discussed in another paragraph, 
8 leaks in the water-distribution system (Fig. 16) 
were found by the water-department officials and 
were attributed to the blast effect of the atomic 
bomb. After inspection of leaks 1,2, and 3 (Fig. 
16) in the 16- and 18-inch mains, it was found that 
leak 1 (Photo 117) was in a 4-inch diameter, cast- 
iron lateral, directly over a 16-inch main, broken 
at the valve body by a falling 19-inch brick wall 
from an adjacent building. Leak 3 (Photo 119) 
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PHOTO 107—-XIII. Pumping station Building, 14,000 feet from GZ. Windows broken by blast. 


PHOTO 108—XIII. Diesel pumping plant, Building 3, 9,000 feet from GZ, showing window frames 
damaged by blast. 
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PHOTO 109—XIII. Equipment and electrical panel at pumping station, 14,000 feet from G 


PHOTO 110-XIII. Diesel pumping plant, Building 3, showing pumping equipment, 9,000 feet from GZ. 


PHOTO 111—XIII. Undamaged pumphouse, Building 6, equipment and switch board panel, 9,000 feet 
from GZ. 
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PHOTO 112—XIII. General view of purification plant showing buildings, filter beds, and reservoir, 
9,000 feet from GZ. 
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PHOTO 113—XIII. Pumphouse, Building 6, showing light roof stripping. Note electrical substation, 
9,000 feet from GZ. 


PHOTO 114—XIII. Damaged meter and recording equipment in Building 5, 9,000 feet from GZ. 
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PHOTO 115-XIII. Intake system on the Ota River, 14,300 feet from GZ. 


PHOTO 116-XIII. Filter beds being processed. Note roof stripping on Building 6, 9,000 feet from GZ. 
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PHOTO 117-XIII. Leak 1. Four-inch gate valve broken by debris from 19-inch brick wall, 1,100 feet 
from GZ. 


PHOTO 118-XIII. Leak 2, 100 feet from GZ. lLead-caulking seal broken in 16-inch main; 4-inch 
main undamaged. 
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PHOTO 119-XITI. Leak 3. Street L cracked by building movement, 600 feet from GZ. 


PHOTO 120-XIII. Leak 4 caused by falling debris, 3,100 feet from GZ. 
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was a cracked street L connected to a 7-inch lat- 
eral damaged by the movement of the building 
serviced, and leak 2 (Photo 118) was a break in the 
lead-caulked seal of an 18-inch main, which could 
have been caused by the bomb blast, as the main 
was only 100 feet from GZ, but, in view of the 
severe action induced in Bridge 22 by the blast, it 
is more probable that the bridge movement caused 
this leak, otherwise, a series of leaks would have 
occurred from the bending action in the mains, 
occasioned by blast pressure. There was no crush- 
ing of the mains at any place. Leaks 4 (Photo 
120) and 5 were also caused by falling debris but 
leaks 6, 7, and 8 did not result from the atomiec- 
bomb attack. It was estimated that 70,000 
branches or leads were damaged as a result of blast 
or fire damage to dwellings and other buildings. 
Because of the great number of open pipes the 
pressure of a normally low-pressure system 
dropped to zero. 

7. With the exception of one valve, referred to 
previously, all valves were undamaged. A few 
standard, above-ground hydrants (Photo 121) 
were damaged by falling debris but no flush-type 
hydrants (Photos 122 and 123 were damaged. 
Because of the great number of damaged branches, 
however, residents pushed the balls of the flush- 
type hydrants from the seats allowing water to 
flow for their personal use (Photo 123). After all 
leaks had been closed off in mains and laterals and 
in all branches or leads that could be reached, the 
distribution pressure within the city was brought 
up to 15 pounds per square inch, but even then 
16,000,000 gallons of water per day were required 
to supply the city. As there were no requirements 
for water in the city center, that part of the system 
was discontinued. 

g. The booster pump station at Koi, 8,000 feet 
from GZ, was undamaged. Buildings at stations 
1 (Photo 124) and 2 (Photo 125) however, 6,600 
and 5,600 feet, respectively, from GZ, received 
structural damage by blast. Apart from the elec- 
trical panel damage, no other equipment damage 
resulted from the blast. The pumping station at 
the Army Divisional Headquarters, 4,600 feet 
from GZ, sustained the same amount and type of 
damage as booster pump Stations 1 and 2. No 
effort had been made to place the booster pump 
Stations or the Army headquarters pump station 
in operation. 

h. Bridge 29 (Photo 126), referred to in a pre- 
ceding paragraph, was the only bridge acting as 


731568—47 18 


267 


a water crossing (Photo 127) that was totally 
damaged directly by blast. This damage did not 
deprive the area west of the Ota River of water 
since there was another 16-inch crossing within 
the same loop. Bridge 43 (Photo 130) was dam- 
aged by blast and fire, depriving of water the sec- 
tion served by it. Bridge 43 was repaired in 
October 1945. There was some movement in 
Bridge 22 caused by blast which broke the seal of 
leaks (Fig. 16) but not sufficiently to cause inter- 
ruption of any service. The angle-chord mem- 
bers of Bridges 30A (Photos 128, 129) were twisted 
by the blast, but the 16-inch main was undamaged 
and no leaks were noted. The floods of 17 Sep- 
tember 1945 and 5 October 1945, however, damaged 
four bridges (Photos 131, 132, and 133) to such an 
extent as to impair their use as water overcross- 
ings. The following Table 32 is a summary of 
bridge damage as given by the Bridge Damage 
Section : 

It will be noted that more damage resulted from 
the floods than from the atomic-bomb attack. 

7. The cost of damage to the water system as of 
15 November 1945 was estimated at 3,000,000 yen, 
or $750,000 at the rate of exchange of 4 yen to a 


dollar. 


4. Remarks 


a. The city of Hiroshima maintained an ade- 
quate, modern water supply system, capable of 
furnishing 20,000,000 gallons of water a day. The 
system was of rather recent design, and stand-by 
units were installed to prevent any interruption in 
the service. At the time of the attack the source 
of power supply was actually cut off and the stand- 
by units were utilized to supply the city. The 
equipment at the pumping stations and the purifi- 
cation plant was not damaged enough to discon- 
tinue service. Thus, it can be seen that stand-by 
units are essential, and failure of the main unit. 
need not halt operations altogether. 

6. The 250-pounds-per-square-inch pipe, buried 
4 feet below ground elevation, proved to be of ade- 
quate strength to withstand an attack of the type 
to which Hiroshima was exposed. Damage to the 
dwellings and buildings resulted in considerable 
leakage from the water branch pipes extended to 
them, thereby reducing the water pressure below 
normal working pressures. This hampered fire 
fighting. Because of the vulnerability of buildings 
and dwellings to an atomic-bomb attack, branches 
connecting buildings with the mains would be 


TABLE 32.—Bridge damage 
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damaged in approximately the same degree as the 
structure. This would hold true regardless of the 
locality of the attack. 

c. Two booster pumping stations were installed 
at the locations shown on Figure 16 to overcome 
friction losses in the water supply system. Be- 
cause these booster stations were improperly 
placed and were inadequate in capacity, the sys- 
tem pressure within the city varied from 30 to 10 
pounds per square inch (Table 31). Any leaks in 
the system tended to reduce the pressure to zero 
for practical purposes. The structures housing 
these units were of flimsy construction and offered 
too little protection to the electrical-panel distribu- 
tion controls. These vulnerable points made the 
system useless at the time it was most needed. ‘To 
protect the booster pump stations and insure con- 
stant pressure in the mains, heavy, reinforced-con- 
crete structures would be required, as well as shock- 
resistant electrical distribution panels. A subsur- 
face, electrical distribution system, referred to in 
Part C of this section would greatly enhance the 
chances of continued operations of the booster 
stations in case of an atomic-bomb attack. 


d. The damage by blast to Bridge 29 interrupted | 


the service of the 16-inch water main that crossed 
the Ota River at that location, but other crossings 
in the same area and in the same loop assisted in 
supplying water to the area. The twisted members 
of Bridge 30A indicated that considerable damage 
was received. Had it not been that the strength of 
the structure was augmented by the 16-inch water 


268 


main, it probably would have been further dam- 
aged. The structures used as water crossings were 
not damaged sufliciently to put the system out of 
service, but, in the event of larger bombs, this type 
of crossing may not be able to withstand blast 
pressures developed. In view of future possibili- 
ties, structures such as Bridge 30A, being near to 
total damage after exposure to the atomic-bomb 
attack of 6 August 1945, must be considered in- 
adequate for use as river-crossing aqueducts. 


F. SANITARY AND STORM SEWER SYSTEM 


1. Summary 

a. Waste Water. Because of the delta forma- 
tion of Hiroshima, short laterals to the branches 
of the Ota River were used to dispose of 80 per- 
cent of the residential waste water, while the re- 
maining 20 percent was carried through branch 
pipes to the sewer mains. 

b. Disposal of Excrement: The lack of natural 
or artificially produced fertilizer in Japan necessi- 
tated the collection of human excrement as a sub- 
stitute. To make this fertilizer available to the 
farmers on the neighboring islands, the city of 
Hiroshima made collections from 70 percent of 
the city area. Charges of 50 sen were made to the 
residents and 30 sen to the farmer for each 72 of 
the 130,000 liters per month collected. Collec- 
tions from the remaining 30 percent of the city, 
comprising the outskirts, were made by farmers 
on the mainland. 


PHOTO 121-XIII. Standard-type hydrants. PHOTO 122-XIII. Flush-type hydrant with 
Lower view, damaged by debris, 3,600 feet from GZ. operating rod. Damaged in warehouse fire. 


PHOTO 123-XIII. Residents using water from flush type hydrant, when ball valve was pushed 
from seat, 3,500 feet from GZ. 
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PHOTO 124—XIII. Booster pump station 1. Blast damage to building and equipment, 7,100 feet 
from GZ. 


PHOTO 125-XIII. Booster pump station 2. Blast damage to building and equipment, 5,900 feet 
from GZ. 
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PHOTO 126-XIII. Bridge 29 carrying water main, damaged by blast, 1,200 feet from GZ. 


PHOTO 127-XIII. Section of 16-inch water main at Bridge 29, 1,200 feet from GZ. 
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PHOTO 128-XIII. West abutment of Bridge 30A showing minor damage, 1,900 feet from GZ, 
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PHOTO 129-XIII. Blast-damaged aqueduct (Bridge 30A) carrying 16-inch water main, 1,900 feet from GZ. 
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PHOTO 130-XIII. Bridge 43 rebuilt, October 1945. Original bridge carrying 14-inch water main, 
structurally damaged by blast and fire, 5,200 feet from GZ. 


PHOTO 131—-XIII. Flood damage to Bridge 3 carrying 16-inch main, 7,100 feet from GZ. 
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PHOTO 132-XIII. Flood damage to Bridge 10 carrying 20-inch main, 7,000 feet from GZ. 


PHOTO 133-XIII. Flood damage to Bridge 31 carrying 16-inch main, 4,500 feet from GZ. 
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c. Surface Drainage. The sewer mains also 
served as storm sewers to carry off a rainfall of 
2.36 inches per hour. The recorded maximum was 
7.87 inches per hour. Drainage water flowed 
through mains and open flumes (Fig. 45). ‘The 
water level in the rivers often reached to within 
1 foot of the tops of the revetments during flood 
stages. 

d. Pumping System. Pumping stations (Fig. 
45) were used to pump water from the open ditches 
to the bay areas when gates could not be opened 
to permit gravity flow because of high tides. 
Electric motors and manufactured-gas-driven en- 
gines were used as power units for the pumps, the 
manufactured gas being produced at each station. 
Since the gates at each station, which permitted 
gravity flow of water when opened or pumping 
operations when closed, were manually operated, 
a station attendant was required in each case to 
operate equipment and gates to keep the rising 
waters under control. Buildings housing the 
equipment were of the light-frame type, and are 
clasified on Table 35. 

e. Pipe Lines. Because of the absence of human 
excrement, concrete pipe and open flumes were 
used extensively. Standard-type manholes were 
constructed at important intersections and where 
changes in direction occurred. The flow-line 
depth in both cases was a maximum of approxi- 
mately 10 feet below ground elevation. The 
sewer system was composed of 211,230 linear feet 
of open flumes of various sizes, 3,170 feet of 48- 
inch-diameter clay pipe, 5,970 feet of 48- and 30- 
inch-diameter concrete pipe, and 74,980 feet of 
concrete-box pipe of varying sizes. Figure 46 
shows all types of mains and flumes. 

f. Damage. Of the 14 pumping stations, the 
equipment in six stations within a 5,200-foot ra- 
dius of GZ was heavily damaged by blast and sub- 
sequent fires. The electric motors in Stations 1 and 
5, however, were burned out as a result of debris 
falling into them while in operation. These sta- 
tions were damaged by blast. The remaining sta- 
tions received slight or no damage from the at- 
tack. The electric substations supplying power 
to the pumping stations were also damaged and 
could supply no electricity. Two of the buildings 
were structurally damaged by blast and five by fire. 
One building received superficial damage by blast 
and the remaining buildings were damaged to a 
minor degree. Table 35 shows the extent and 
nature of the damage. Since the loss of the system 


275 


was not too greatly felt at the time because of the 
fair weather and low water, little or no effort was 
made to repair the damage to the stations, despite 
the fact that it was not heavy. The seasonal rains 
later caused floods which inundated the revetted 
areas of Hiroshima and raised the water table 
from its usual level to within 8 feet of ground 
elevation. This caused serious delay in repairing 
other utilities which utilized subsurface systems 
and manholes. All buildings in this report, includ- 
ing installations and equipment, are classified 
similarly to those in Table 35 by the Building 
Damage Section, and mean areas of effectiveness 
derived by that section for buildings and equip- 
ment will apply also for this section. _ 

g. No damage to mains or flumes was wound by 
either the city engineer of Hiroshima or by mem- 
bers of this team. 

h. Costs of Damage. The city engineers esti- 
mated the cost of damage to the sanitary and storm 
sewer system as of 15 November 1945 to be ap- 
proximately 3,000,000 yen, or $750,000 at the ex- 
change rate of + yen to a dollar. 


2. Description of System 

a. The city of Hiroshima was built upon the 
delta of six rivers which branched from the Ota 
River in the northern section of the city. These 
rivers simplified the disposal of waste water by 
permitting the use of short laterals leading to 
them. Since no raw sewage containing human 
excreta was discharged into the sewer system, the 
problem of disposal was confined to surface drain- 
age and residential waste water. The system of 
short laterals accommodated 80 percent of the res- 
idences of Hiroshima, while flow from the remain- 
ing 20 percent was carried through branch pipes 
to the mains. Mains, open flumes, and sewage 
pumping stations distributed throughout the city 
and adjacent areas are shown on Figure 45. 

6. Because of the lack of artificially produced or 
natural fertilizers, it was the custom throughout 
Japan to collect all human excrement for that pur- 
pose. In Hiroshima a regular collection system 
provided the necessary fertilizers for the agricul- 
tural districts. Approximately 70 percent of the 
collection was performed on a contract basis, con- 
tracts being let to individuals for the period of 1 
year. To facilitate water transportation to the 
nearby islands which absorbed the total collec- 
tions, a storage point was established at a wharf 
near Bridge 17, where excrement was allowed to 
ferment in tanks for approximately 30 days before 


it was sold. Costs were based on a 72-liter meas- 
ure and all payments by farmers and residents 
were made to the city government. The average 
monthly collection was approximately 130,000 
liters. Inasmuch as the remaining 30 percent of 
the city zoned for collections was on the outskirts, 
the farmers in the vicinity of Hiroshima made 
their own collections and were paid the established 
collection rate of 30 sen per 72 Liters. 

c. The heaviest rainfalls occurred during the 
typhoon season from June through October, the 
highest recorded being 7.87 inches per hour on 17 
September 1945. The rainfall for which provision 
was made in design however, was approximately 
2.36 inches per hour. The system was built to 
accommodate as an additional load the residential 
waste water referred to in Paragraph 2a, all mains 
and open flumes serving the dual purpose of sani- 
tary and storm sewers. The water impounded by 
open flumes and catch basins flowed through mains 
and open flumes, as indicated on Figures 45 and 46, 
directly into the rivers or the bays from high points 
located approximately on the longitudinal center 
lines of the islands formed by the rivers. In the 
event high river waters resulted from rains or 
tides, pumping stations located at strategic points 
(Fig. 45) discharged waters into rivers or the bay. 

d. The pumping stations were made necessary 
by the flood stages of the rivers which frequently 
rose to within 1 foot of the tops of the revetments 
along the river banks (Photo 147) and occasionally 
overflowed some portions of the banks through a 
combination of flood and tide. This overflow, 
however, was rarely sufficient to cause damage. 

e. The sewage pumping stations were divided 
into two types: Those operated by electric power, 
and those operated by producer fuel. The power 
for the electrically operated stations was supplied 
to the city of Hiroshima by the Chugoku Electric 
Co. (a subsidiary of the Nippon Electric Co.), and 
was transformed from 3,300 volts down to operat- 
ing voltages. The stations operated by producer 
gas generated the fuel at each individual station 
by heating coal or wood in air-tight containers 
to temperatures required to drive off the gas. The 
engines were 2- and 4-cycle, magneto-ignited, 
horizontal type, manufactured by the Osaka Co., 
Osaka. The location (Fig. 45), type and output of 
each station are listed on Table 33. 

f. A total of 930 cubic feet per second was dis- 
charged by the above stations operating under 
normal conditions. Each station that was pro- 
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TABLE 33.—Pumping stations - @ 


Total 

: eae Horse- Nin om 
te Type Bor | Posen? | ber of | ceuble 

motor | PUMPS - 

second) 
1 | Electric motor -___-_ 7™M 30 1 10 
2 | Gas-fuel engine___-} 5L 60 2 90 
og ep EMEA ence 7L| 30 3 30 
leet id ies pent Doge 3 90 
5 | Eleectrie motor___-—- 9I 150 3 180 
a Loe pe te Leb 41 | 60 1 24 
a ee gianna 61 | 60 1 24 
8'| Gas-fuel engine...) 7H. | 100) > 3 |" 2m 
Po eS Gis aes 4G | 30 2 20 
10 | Electric motor__-_-_-_ 4G 60 1 24 
ee ean en ects 4G 60 1 2 
a eae RED en ae 7D | 100 3| 120 
al Bee dashes a: 7c | 100 3} 120 
re iene dadiack siete 5G | 60 1 24 


vided with a tide gate (Fig. 45) operated whe? 
the tide or river was too high to permit direct floW 
to open water. The remaining stations were pro” 
vided with flood gates and pumps at sewer-mal? — 
terminals from which the water was pumped whe? — 
the tide water or flood water had risen too high 
for normal flow to the river. Other gates, in add! 
tion to those at the stations, were provided to pr& — 
vent backflow during high water. All gates, eithe? 
tide or flood, were manually operated and each 
station had its individual operator to keep the ris® 
of waters in the mains and open flumes under co?” 
trol. With the exception of the pumps at Statiom® 
15, 12, and 13 (deep-well type, manufactured bY 
Hitachi Co., Tokyo), all pumps were of the rotary” 
centrifugal type, manufactured by the Torishim™* 
Pump Co., Osaka, and could operate against * 
maximum head of approximately 12 feet. Th® 
majority of the electric-motor-driven pumps wel 
direct connected, while the gas-fuel-engine-ope! 
ated pumps were belt driven. All stations were 
housed in light-frame buildings, the majority ? 

which had interior plastered walls, but the othe? 
had exposed studding. Lighting fixtures were pr 
vided for some fuel-gas-operated stations. Table 
34 gives the classifications of all buildings. 

g. Pipe Lines. The practice of carrying all 
waste water and storm water by a single line 
greatly simplified the piping system. Because ? 
the absence of excreta it was unnecessary to pr 
vide special construction and materials in tb® 
mains and branches to prevent early decay of se 
age lines or the escape of excess sewer gas. The 
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erial photo showing open ditches and dikes at Sewer Pump Station 4, 11,100 
feet from GZ. 
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TaBLE 34-XIII.—Hiroshima sanitary and storm sewer system— building data 


[Areas in thousands of square feet] ; 


Build-| Build-| Dis- 


Buiding damage (floor area) Equipment damage 


F i i ance | otal Structural Superficial 
my Grid Usage Type a tn HE- Fire- Aa pied damage Bearings hires Pais 
v (feet) ae —— damage cent Cause 
Blast) Fire | Mixed| Blast, Fire " 
eames, fcr So) SS SIE Liga Pres SABER) Gers SRR) ae 24 OR is [eee 
1 | 7M | Pump station____-- De 0.202 Da ove CO We WAL eR Seas seas See (a es Reel eee Blight. 2 ee 25 | Debris. 
9 | SEchee doe eee ee D ONT Ast AVA Co a BET da 6 eat oh eel MR a a ee ee mes [ee OR eae 10 Do. 
be Pea i St Pe Gn ce set oe D oe teva i E00 ikea tterees (Sosa emee et seco et Moderate___|_____- 
4 rh eat GOS eae eee D 2 eva Cc URS 11) pees Ee I) ER Se oe | en |e eater) eR te [oe done 5 Do. 
5). oe Monte eee D Aetohedelae Vs (ONG Wee al iw Was Rl cee et beeen aed (eee ineeee po Reis We age, |e dos 25 Do. 
6| 41 Fai | anne es D es is bee Cc DAO Oo fem en LURES peste late [OMDB nach Sn ie 75 | Fire. 
7 | OTe ee Dea ret oes D BS A Ie Hl Cc 5,600 | .3 |------ By Pane Lema a (ao Wea rma te 75 Do. 
8° | Fe dg ee eee D Bk) i lal Na Cc 05 2007 fiche Olean selene eles coat (Te ieee aes) Wet cer Ne Ta 10 | Debris. 
01) 46s ee F; Vee ee a D eC es a Cc 2, 600 Pa. fa eer eg ae ren) Hebei Bee ins LE) mice rk 75 | Fire. 
10}. 46) ee domo eee D Pe hy fae a Rae Cc Bei Cees|eee cen pis free SAO ae She a adele 15 Do. 
11 +) 4G eee doce capi aes D a hee Eg Cc = Fo GN UE) Peers Woah) Wise ee oe eo Ee Te ioe ae a 45 | Blast. : 
19-| yee doers tee D Fi roast Ce (St Ug eh hd PR eer Sa be | Severe. -_- 10 | Blast and debris, 
16] - RES Bee kiss oe D .8| 1| V4 ORM is «|g Summers ced KALE a, (eee e Bees Slight__.___- 5 | Blast. 
14: |). 330 GOo ce es D Bs: Wr bees (ee A Cc 3, 300 poe eae BS Ml eee oad Labrtnt pict (8 Peep ereytmre eee 75 | Fire. 


TABLE 35.—Flumes and mains 


i Clay pipe | Concrete pipe | Concrete-box 
width (eet) poor mea sts 2 bac” a 3 FP ee 

26. 33 1, 9004. 20S ee See ere 
19. 75 Fog hha sty Ue 
13. 25 21-4009 ert ad ete see oe ee 
11.25 600 b.0 5. cults each eee 
10. 00 46, 270 [00° <0) ae ee ies 
9. 00 © 006 1. U 0 eee Soe 

8. 25 (0g We See 4, 670 

6. 50 6000: 2c. Ps | ees 5, 830 

6. 00 AS DOO. 2s oie 7, 940 

5. 00 |S eRe pete eee SE 26, 070 

4. 00 33, 270 Beh 5, 330 15, 770 

3. 33 SOBA a eee 14, 130 

2, HOA a ee oe 1, 640 470 


Depths, being variable, are not given and will be found on fig. 45. 

1 OP—Japanese designation for open flume. 

2 SC—Japanese designation for clay pipe. : 

3 CP—Japanese designation for reinforced-concrete pipe. : . i 

4 CC—Japanese designation for reinforced-concrete-box pipe with remov- 
able top. ‘ : 

Pipe diameters and wall thicknesses for clay and reinforced-concrete pipe 
Were given as follows: : j 

(1) Clay pipe, bell, and spigot, 2-inch wall, 48-inch diameter. , 

(2) Concrete pipe, reinforced, bell, and spigot, 2-inch wall, 48-inch and 30- 
inch diameter. ; ‘ , 

Fig. 46, gives open-flume and reinforced-concrete-box pipe dimensions. 


minimum earth cover for all pipe was 3 feet. The 
types of mains and open flumes (Fig. 45) are de- 
tailed on Figure 46. ‘The summary of types of 
mains and open flumes is shown in T able 35. 

h. Access to Pipe. Manholes were installed at 
important intersections and at changes i direc- 
tion. Ali manholes (Fig. 46) were constructed of 
a 2-course brick wall and a concrete foundation. 
The flow-line elevation, being dependent on the 
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mean-low-water level of the river, rarely exceeded 
10 feet below ground elevation. 

7. All lines and mains were traced by the city 
engineer’s office by field check and memory due to 
the destruction of records in the city hall. 


3. Analysis of Damage 

a. The greatest amount of damage to building 
and contents in any pumping station was caused 
by fire. The damage to the equipment incurred 
by blast was in most instances negligible. With 
the exception of Station 11, all stations within a 
radius of 5,200 feet of ground zero were destroyed 
by fire. Station 11 and the remaining pumping 
stations were damaged by blast in a degree propor- 
tionate to their distance from GZ. Table 36 cites 
the damage to equipment resulting from blast and 
subsequent fires. 

b. It will be noted that the electric-motor dam- 
age of Stations 1 (Photo 135) and 5 is classified as 
heavy, the cause being that plaster and debris fell 
in the motor rotors while in operation, resulting 
in a severe short circuit and burning of the coils. 
Stations 12 (Photo 136) and 13, damaged by blast, 
suffered small-panel and incidental-equipment 
damage, insufficient to prevent operations. Since 
Station 12 was under construction and all equip- 
ment was not installed, however, it was not con- 
sidered as being in operative condition. The 
equipment in the four electrically operated stations 
(6, 7, 10, and 14) which were damaged by fire 
(Photos 137, 138, and 189) was rendered totally 
useless as was that in gas-fuel-operated Station 9 
(Photo 140). The operational value of the pumps 
in the fire-damaged stations was rendered negli- 


TABLE 36.—Damage to pumping station and equipment 


Distance 
Station | Grid sti Type of damage Engines motors Pumps Distribution panels Transformers 
1 Mie oh: O00 Blast: 2.2") arleavy damares. ont (None s.) shot. Sere INGNG 752 ee None. 
2.\, (Dis S200. | hes = Cs Copsey vane Slight damages 2.2 a) 7. 3 CO Eee 8 he shee Dose Sea ere. Do. 
3 7L a: SN 010) Oi pec doles a INQHEGS rn eee Se eles (0 (Yar Aon ao fn oe Ot oa, 
4 8J PESTO Wee COs eee ORS s cee Be il aes (0 V0 se ats ot tl gen ge ana Merge fae he 
5 | OF SM is OOK Ie ees do ls... © | Heavy damage. 23 2|o20 2 (0 (oy belly Og 8 ak INGE 222 ee ae Do. 
6 4] By ED eR oes on be os Want cul amins Heavy damage____| Total damage- -- -- Heavy damage. 
‘h 61 Be 200s eae AO ha eee ea oe ra a pam acl TO ha eh Ot ate eee ie CLO ghee erent Do. 
8.) 7 6) 000s \Bigst 2.2 7. Slight damage_____ IN Gries See NeoGeo poo Sauk 
9} 4G TeOOOM Mires sate x Heavy damage__-_| Heavy damage____|_______- aR ODL Des 
10 | 4G BiSUUT eae arom ar eeteihat = CO keen nr aetna eee: Co (a ste aera ens 4 Total damage-__-_--- Do. 
11 | 4G Oo; LOOP SB laste soo8 = Slight damage_____ Slight damage____- Slight damage_-_--- None. 
12: a LE GO0M aes doce: = S| ANOne oie ke ae INGNB sete ee er ein es doe aaa tes he Do. 
13 7C 14. 300s|oa2 22 Oe tase Se Oe ea Sees Noe] aes (a Ko panas ste hes Sars MEMS AM OL eae. Sate Do. 
14 | 5G 2, COU. (rere. =. es Heavy damage____| Heavy damage_-___| Total damage- -- -- Heavy damage. 


gible becaused of burned packing, fused bearings, 
and distorted shafting. As expressed above, the 
greatest damage incurred was by the fires as an 
indirect effect of the atomic-bomb explosion. 
With the exception of Station 11 (Photo 141) in 
which the electric panel and transformers were 
severely damaged by blast, all other stations suf- 
fered relatively ight blast damage (Photos 142, 
143, and 144), except stations 1 (Photo 135) and 5 
which were previously discussed. Station 11 
(Photo 141), although in a fire area, was an iso- 
lated case, being in a sparsely settled district. 

c. Operation after the Attack. Gates control- 
ling the gravity flow of water to the rivers or bay 
areas were undamaged (Photo 145) and, outside of 
being somewhat weathered, were considered oper- 
ative. Prior to the attack there was little precipi- 
tation and only the pumping stations at the far 
ends of the deltas were operating to keep drainage 
waters in the open flumes at a safe level during 
high-tide periods. Subsequent to the attack, 
however, none of the pumping stations were oper- 
ative because of (1) damages to the equipment in 
the pumping stations; (2) lack of competent oper- 
ators, repair personnel and facilities; and (3) lack 
of electric power to operate electric motors in 
pumping stations because of damaged electric 
substations. Since the weather was fair at that 
time there was no danger of inundation, and equip- 
ment repairs could have been made in a few hours 
to those stations which had suffered only minor 
damage and were outside of a radius of 5,200 feet 
from GZ. Only small amounts of material would 
have been required for that purpose. Although 
the electric substations in the vicinity of these 


pumping stations were in operation prior to 20 
August 1945, little or no effort was expended in 
making repairs or placing the sewer system in 
operation. 

d. In addition to direct and indirect bomb dam- 
age, exposure to the elements contributed to the 
deterioration of otherwise operative equipment. 
During the September 1945 heavy rains which 
reached an all-time record high of 7.87 inches per 
hour, the loss of the system was greatly felt. The 
high water in the rivers forming the deltas pre- 
vented the escape of surface waters flowing 
through the mains, while the gates at the terminals 
of the open flumes could be opened only when the 
water was low. Thus at high tide the lowlands 
behind the revetments were inundated, the water 
rising to approximately 1 foot below the top of the 
gates. The run-off in the city center was greatly 
hampered. To make the problem more complex, 
the water table rose to within approximately 3 
feet of ground elevation in the normally dry man- 
holes of other utilities (Part D of this section), 
thereby greatly handicapping repair efforts. This 
condition was made worse by the fact that the 
subsurface area was reclaimed river sand and very 
porous. — 

e. Of the 14 frame structures erected to house 
the pumping equipment, five were damaged by 
fires (Photos 137, 139, and 140) and 9 were dam- 
aged by blast (Photos 141, 146, 147, 148, and 149). 
Table 35 gives the extent of damage to all pump 
station buildings. The wood-frame type structures 
constructed for the pumping stations were typical 
Japanese construction and could be readily re- 
placed if damaged. 
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PHOTO 135-XIII. Equipment for Sewer Pumping Station 1. Motor damaged by debris, 16,900 feet 
from GZ. 


PHOTO 136—-XIII. Damaged equipment in sewer pumping station which was 11,600 feet from GZ. 


PHOTO 137—XIII. Fire Damage to Sewer Pumping Station 7, located 5,200 feet from GZ, 


PHOTO 138-—XIJII. Pump outlet and gravity flow outlet at Sewer Pum ing Station 7, located 5,200 feet 
] ? ? 
from GZ, 
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PHOTO 139-XJII. Fire damage to Sewer Pumping Station 14, situated 2,800 feet from GZ. 


PHOTO 140-XIII. Fire damage to Sewer Pumping Station 9, situated 1,900 feet from GZ. 


PHOTO 141-—XIII. Blast damage to Sewer Pumping Station 11, located 3,100 feet from GZ. 


PHOTO 142-XIII. Blast damage to Sewer Pumping Station 8, located 6,900 feet from GZ. 


284 


PHOTO 143-XIII.. Undamaged equipment in Sewer Pumping Station 3, situated 14,000 feet from GZ. 
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PHOTO .144-XIII. Equipment in Sewer Pumping Station 4, situated 11,100 feet from GZ. 
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PHOTO 145-XIII. Undamaged gate at Sewer Pumping Station 8. 


PHOTO 146-XITI. Sewer Pumping Station 1 showing minor blast damage. 
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f. There was no evidence of direct bomb damage 
to sewer mains (Photo 150), although the nearest 
reinforced-concrete-box main, 4.5 feet by 3.3 feet 
with a 3-foot earth cover, was only 2,100 feet from 
GZ. The city engineer stated that up to 15 Novem- 
ber 1945 no breaks had been discovered. The open 
flumes (Photo 151) and ditches (Photo 152) were 
not damaged but were in some instances partly 
filled with mud and rubble. Of all the manholes 
observed not one was overflowing, a condition 
which would have indicated the presence of broken 
or crushed mains. 

g. The city engineers at Hiroshima estimated 
the total cost of damage to the sanitary and storm 
sewer system at approximately 3,000,000 yen as of 
15 November 1945, or $750,000 at the exchange 
ratio of 4 yen to a dollar. 


4. Recommendations and Conclusions 

a. Because Hiroshima was built upon a delta of 
artificially reclaimed land, separated into islands 
by the fast-rising rivers branching from the Ota 
River, it was necessary to supplement the natural 
run-off by a system of pumping stations to accom- 
modate the 2.36-inch-per-hour rainfall. Prior to 
the atomic-bomb attack the sanitary and storm 
sewer system, of which the pumping stations were 
a part, had been adequate, since the system had 
always remained operative. Damage to plants 
and equipment, principally pumping stations, re- 
sulting from the 6 August 1945 attack, reduced the 
capacity of the system below the requirements of 
the heavy rainfall of 17 September 1945. Any 
city such as Hiroshima built on delta land and 
maintaining revetments which require the use of 
pumping stations for storm water and sewage dlis- 
posal would be flooded by an atomic-bomb attack 
unless proper protection for pumping stations and 
Mains were incorporated in its planning and con- 
struction. 

6. The majority of the pumping stations were 
Well designed and maintained, but were not all 
adequately electrified. Since, however, this attack 
damaged equipment heavily within a radius of 
»,200 feet from GZ, improved electrification prob- 
ably would not have altered the results in this area 
and stand-by units would have served no useful 
purpose. Outside this area, the pumping equip- 
ment, in general, withstood the attack. 

c. There was no damage to the concrete or clay 
Pipes, which indicated that the mains were of suffi- 
cient strength. Open flumes were also undam- 
aged. Penetrating bombs could undoubtedly 
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damage some portions of subsurface mains, but 
this would depend on the penetration depth, the 
natural slope, and type of cover. Open flumes, 
however, would be extremely difficult to put out 
of service. 

d. Buildings housing the equipment were flimsy 
and none too well constructed. If the buildings 
had been constructed of reinforced concrete, much 
of the equipment damage resulting from the attack 
would not have occurred. The best method of 
construction for protection against an attack of 
this nature would be the subsurface-vault type 
which would have protected against both direct 
blast and fire damage. With equipment housed in 
such structures the resumption of operations 
would be largely dependent upon the availability 
of power. 


G. DOMESTIC GAS SYSTEM 


1. Summary 

a. Production. Approximately 75 percent of 
the residences in Hiroshima used 1,125,000 cubic 
feet of producer gas per day. The heat content 
was maintained at 404 B. t. u. per cubic foot of gas. 

b. Equipment. The producer plant was de- 
signed by the Japanese and laid out as shown on 
Figure 48. Equipment installed was of domestic 
and foreign manufacture. The high-pressure sys- 
tem was developed by pumping from storage into 
the mains. Gas was introduced into the low-pres- 
sure system from storage through a_ station 
regulator. 

c. Piping. High-pressure mains were cast-iron, 
screwed pipe, and low-pressure mains were cast- 
iron, bell and spigot, lead-caulked pipes. Pres- 
sures of 6 to 8 pounds per square inch were main- 
tained in the high-pressure mains and 6 to 8 inches 
of water in the low-pressure mains. All piping 
was buried 4 feet below ground elevation. 

d. Valves. Valves were sparsely used through- 
out the system. Pressure reducers were valved be- 
tween high- and low-pressure mains, and the 
mains were valved at the producer plants. 

e. Bridge Crossings. There were 27 bridge 
crossings necessary to carry the mains across the 
rivers to the various islands. 

f. Pressure Regulators. Pressure regulators 
were used to reduce pressure from 6 to 8 pounds 
per square inch in the high-pressure mains and to 
6 to 8 inches of water in the low-pressure mains. 
Gas was introduced into the low-pressure mains 
at this point to restore pressure losses caused by 
friction and consumer loss. 


PHOTO 147-XIII. Blast damage to Sewer Pumping Station 3, located 14,000 feet from GZ. 


PHOTO 148-XIII. Blast damage to Sewer Pumping Station 12, located 11,600 feet from GZ. 
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PHOTO 149-XIII. Blast damage to Sewer Pumping Station 4, located 11,100 feet from GZ. 


PHOTO 150-XIII. Pump outlet and gravity flow outlet at Sewer Pumping Station 6, located 5,000 
feet from GZ. 
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PHOTO 151-XIII. Typical masonry open-flume and concrete road crossing, 7,200 feet from GZ. 


PHOTO 152-XIII. Rubble-and-debris-filled concrete 
drainage ditch, 1,200 feet from GZ. 
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g. Damage to Equipment and Buildings. Total 
equipment damage by blast was slight. The elec- 
trical switchboard and recording meters were 
heavily damaged, but no other equipment was 
damaged. Gas storage was damaged when the 
crowns of the holders were torn by the direct effect 
of the blast, releasing all the gas which ignited. 
The fires that followed burned timber structures 
but no additional equipment damage was sus- 
tained. The electrical substation supplying this 
area was also damaged. The buildings (Fig. 48) 
in this section are tabulated as Building 112 by the 
Building Damage Section. Any _ conclusions 
drawn for the mean areas of effectiveness by the 
Building Damage Section for buildings and 
equipment will also apply to this Section. 

h. Damage to Piping and Overcrossings. There 
Was no apparent damage to the high- or low-pres- 
suremains. Damage occurred to branches leading 


to buildings or dwellings where those structures 


were damaged. Of the 27 bridges serving as river 
crossings, four were damaged by blast and fire, 
and eight by floods. The extent and nature of 
this damage are found in Table 41. The bridges 
in this section are listed by number in the Bridge 
Damage Section and any conclusions for mean 
areas of effectiveness for bridges drawn by the 
Bridge Damage Section will also apply to this 
section. 

i. Damage to Pressure Regulators. Of the 
pressure regulators installed in the system, two 
were heavily damaged by blast and fire, the great- 
est distance from GZ being 1,700 feet. This does 
not establish the limit of effectiveness, since the 
low-pressure mains served by the reducers would 
be affected in a degree proportionate to the damage 
to the reducers, 

j. Cost of Damage. The estimated cost of re- 
pair and replacement was 300,000 yen, or $75,000 
at the exchange rate of 4 yen to a dollar. 


2. Description of System 

a. The location of the producer plant and its 
connecting high- and low-pressure mains which 
supplied the city of Hiroshima and its environs 
are shown on Figure 47. 

6b. The producer gas was manufactured from 
hard coal, the bulk of it being shipped by rail to 
Hiroshima from the Chugoku district where Ube 
Was a distribution point. Approximately 75 per- 
cent of the residences used gas for cooking and, in 
Some instances, for heating. There was no indus- 
trial use of gas, coal being the main fuel for heat 
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and power, but coke produced as a byproduct was 
used both by industrial plants and residences. The 
maximum capacity of the gas producer plant was 
approximately 1,125,000 cubic feet per 8-hour day, 
storage being in 2 holders having capacities of 
316,000 cubic feet and 211,000 cubic feet, respec- 
tively. The heat content of the gas produced was 
maintained at 404 B. t. u. per cubic foot. The dis- 
tribution system was divided into high- and low- 
pressure mains which carried the gas into and 
across the city, and also to the small district of Koi 
where the system ended. All pressure reductions 
were effected by means of pressure reducers. The 
fuel was then transferred through low-pressure 
mains to consumers. 

ce. The producer plant of the Hiroshima Gas Co., 
as indicated by Figure 48, covered-appreximately. 
2.7 acres, and included all buildings and equip- 
ment necessary for the production of domestic 
gas. The buildings within the plant area are 
covered in the Building Damage Section and are 
designated as Building 112 in that section. The 
plant was of Japanese design, but had both do- 
mestic- and foreign-equipment installations. All 
piping within the plant was of cast-iron, screwed 
pipe with flange and bolt connections. The gas 
holders, as indicated on Figure 49, were of the two- 
lift type, capable of withstanding 8 inches of water 
pressure. The crown of each holder was con- 
structed in pie-shaped segments, without suberown 
bracing. Rolled I-beams and framing acted as 
guides for rollers on each holder to keep the lifts 
in position. Adjustable rollers maintained free 
vertical movement of lifts. All joints on the 
holders were lapped and riveted. As shown on 
Figure 48, both high- and low-pressure systems 
started from the producer plant. In the high- 
pressure system gas was taken from the holders at 
8 inches of water and pumped into the mains at a 
pressure of 6 to 8 pounds per square inch. Gas 
was introduced into the low-pressure mains from 
the holders through a station regulator of the 
Elester type (Fig. 50) maintaining a pressure of 6 
to 8 inches of water. All gas taken from the 
holders was measured by flow meters before being 
fed into the mains. 

d. The. high-pressure mains were cast-iron, 
screwed pipe and low-pressure mains were cast- 
iron, bell and spigot pipe with lead-caulked joints. 
At bridge crossings screwed pipe with flange and 
bolt connections was used. Expansion joints were 
introduced at these points to allow for expansion 
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and contraction with changes in temperature. 
Table 37 gives the dimensions for bell and spigot 
pipe used by the company. For details see Figure 
47. 


TABLE 37.—Dimensions of cast-iron, bell-and-spigot pipe 


Diam- 
eter A B C D E F G H T t 

(inches) 
ee ee 3 3 14 % 34) 1Me 56 34 K % 
, een eee 3 3 4 1% 34) 1M%e 5g 34 % % 
aces Sens 3%) 3% 38 WB %| M6} Me % 58) He 
. ene Sed 4 4 34] 1% 7| 1346] M6 ww 5 K% 
ee eee Se 4 4 36) 116 | 1346] 16 34 54) %6 
jb SaaS a 4 4 34, 11% | 1546} 1346] 1% 34 56 
LC epee, Od 4%) 4% 36) 136] 1M6} 1546] 1%6} 14 %| Me 
eee 4%) 4% 36} 136) 1Me] 1546) 1346] 1% is 6% 


Standard length of each size of cast-iron pipe was 9 feet. 


e. Very few valves were employed in either the 
high- or low-pressure systems. They were used 
only at the pressure reducers and at the producer 
plant where the high- and low-pressure systems 
were valved as a maintenance measure. The ap- 
proximate depth of placement of all pipe was 4 
feet below ground elevation; it emerged only at 
river crossings or at reducers. Table 38 is a tabu- 
lation of all high- and low-pressure pipes as indi- 
cated on Figure 47. 


TABLE 38.—High- and low-pressure piping 


High-pres- | Low-pressure, 
é , sure, cast- cast-iron, 
Diameter (inches) iron, screwed | bell-spigot 


pipe (feet) pipe (feet) 
1 6 fs patie ra ee enn ee Ses eae le go 9, 900 
a ee See ee eee ae oe ee 1, 600 
POPS eek Re ees 23, 100 
BO ae ot ae ea ee ee 6, 600 
tS ee a ee a 3, 300 42, 900 
OG Se Er ES Se 7 13, 200 47, 000 
BN, oes Fe Fo SS oN aes ere, SA 16, 500 94, 000 
Dest sds ee aOR tee ee da 33, 000 3, 500 


/. Twenty-seven bridges were used as overcross- 
ings for domestic gas lines, only bridges owned 
and maintained by the city or the prefectural 
government being used, with the exception of 
Bridge 21A which was maintained by the company. 
Table 39 gives the bridges used as overcrossings 
for gas mains as shown on Figure 47. 
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TABLE 39.—Gas main overcrossings 


Size of pipe 


(inches) 
Nui Briggec es = soe 
Bridge | Grid Type ber of | length 

spans | (feet) High Low 

pres- | pres- 

sure sure 
5 Soc Concrates.=c. ees 5 DOG se ee 8 
7 rh Eee Oe foe lee. 8 Del based 4 
8 rT pean Ci Eee ee pices 13 1 ES (ae en 6 
10 +; S| Pace ies: Soe CO eee 7 BUY feet tee 6 
12 Oly) Piate pirder: = eo 3 DOS He a 8 
138A UT EYL 4 Dir) 6) eke AS ae a Pee 9 ss: 2 (ene sa 12 
15 Ola | ede weasee cS 15 ee cer 12 
16 GIy Woncrevhas eee ce 7 Si) ene aces 4 
17-7. | Plste cinder... 2552... 55 9 540 6 10 
TRI Geen bere see 2 ae 16 aR hs > Stes 6 
102) GG @oneretes fect sore 7 2608 eee et 6 
21A OF Peduiane rs soaesce, eae ee 9 270 6 12 
22) oe Plave eirder2 22 3 1 CY Ge eae te 8 
24 |4G-H|__-_-- (: (7 ay eee ee 7 a4) | Ese eee 8 
25 ||, ;OELe ASONGRSLR Sse se ee. ee 14 DOO eee 6 
27 8G) Steeliarcie.- 222.222 Se 1 ot, lat Cece 8 
28h) SG ck mbpeniaseee e 2 6 TO ee 4 
20:1. BG ye tan Se 2k ee L 3 Dial eos Ue 12 
30 5G |sConerete: .se2">.-- =. c.- 7 340 6 12 
31 (et G28 ee Go eon cece e ee 12 cL Re here 6 
33 (it ge (Sa 2 Ca renege ae aim ee a ea 12 MQM Soa e 6 
354, “5G i-Plate girders... ---22c. 8 264 A ees 
37 LAG Gy ewe 0 a pee aes eee eae 4 1035!) [Ac 10 
ga deteay rie cd she'd oc: ge ed ee ye a 16 OF ee wee 8 
44| 4F | Steel I-beam__-_-___-___- 14 476 Clk aoe Res 
47 yO Ni bgt GOs een seen 10 340 Ce koe oe 
48-1) 40") Plate girders =z. 522-2 4 PAD be = eos 4 


Data for the above bridges are taken from the Bridge Damage Section. 


g. In order to keep the pressures in the low- 
pressure mains from being absorbed by friction 
and consumer loss, pressure regulators as shown 
on Figure 47 were inserted to transfer gas from the 
high-pressure mains. Gas at 6 to 8 pounds per 
square inch in the high-pressure mains was re- 
duced to 8 inches of water for consumer distribu- 
tion. This equipment was manufactured by the 
Reynolds Gas Regulation Co., of Anderson, Ind. 
(Fig. 51). 


3. Analysis of Damage 


a. At the time of the atomic-bomb attack of 6 
August 1945, the domestic gas plant of the Hiro- 
shima Gas Co., at a distance of 6,700 feet from GZ, 
was producing at its maximum capacity. Initial 
damage by blast to operating equipment was 
slight (Photo 153). The electrical distribution 
panel in the pumping station received heavy dam- 
age to the wiring and meters (Photo 154). The 
station recording meters were also heavily dam- 
aged. Replacements of parts were necessary to 
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make this equipment operative. The gas holders, 
however, were more severely damaged (Photo 
155). The holder crowns were depressed by the 
blast (Photo 156) and the downward vertical 
movement of the lifts compressed the gas suffi- 
ciently to build a pressure that tore the already 
weakened riveted joints when the pressure from 
the blast front was released, which allowed the gas 
to escape. ‘There was an immediate ignition but 
no explosion, and all the escaping gas was con- 
sumed by fire. Since no gas pressure remained to 
hold the two lifts of each holder above the water 
elevations of the water receptacles, both lifts of 
each holder dropped to the floor elevation of the 
water receptacle. Framing members, however, 
were undamaged. All operations in the produc- 
tion plant stopped immediately. Three hours 
subsequent to the blast, fires were started in the 
plant area, having been driven to the vicinity by 
a south wind. Because of the immediate drop in 
water pressure and the lack of electricity to oper- 
ate the auxiliary water pumps, no effort could be 
made to extinguish the fires. The Sendamachi 
electric substation in this area was damaged and 
electric power was interrupted. No additional 
damage to the equipment by fire was noted. 

b. Flash burns affecting the bituminous paint on 
the gas holders (Photo 157) were visible on the 
sides of holders toward the blast. The structural 
members and other obstructions protecting the 
paint from the flash are outlined on the holders, 
and were easily distinguished. 

c. The damage to the gas holders was insufficient 
to halt operations because the producing plant 
could operate until facilities could be repaired by 
pumping gas directly into the lines without the 
benefit of storage, and the small repairs to the 
collateral equipment required a minimum of time 
and materials, which would permit the plant to 
operate at its rated capacity. Company officials 
stated that after small equipment repairs, opera- 
tions would begin early in 1946 by pumping 
directly into the lines. This statement did not 
seem unreasonable after inspection of the plant. 
Figure 48 shows the damage to company buildings 
saused by blast and fire. 

d. An examination by the company indicated no 
breaks in the mains, but since no gas was available 
a pressure test was not made to test for leaks in 
the lead joints. Approximately 75 percent of the 
branches from the mains to dwellings and build- 
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ings were damaged when those structures suffered 
damage by blast and fire. 

e. As reported by the bridge damage section of 
this survey a number of bridges were damaged by 
blast, fire (Photos *99, #130, 158, and 159) and 
flood (Photos *102 and 160). (Refer to Parts D 
and E of Sec. XIII for explanation of * and #.) 
Inasmuch as these bridges served as overcrossings 
for utilities, gas flow was rendered impossible by 
their damage or destruction. Since the floods of 
17 September and 5 October 1945 occurred sub- 
sequent to the atomic-bomb attack, damage at- 
tributed to the floods is mentioned to give a com- 
plete history. ‘Table 40 is a tabulation of damage 
to bridges serving as overcrossings for the gas dis- 
tribution system (Fig. 47) as taken from the bridge 
damage section of this report. 

7. Because of the loss of whole sections of mains, 
both high- and low-pressure type, due to loss of 
bridges, districts served by these overcrossings 
will continue to be cut off entirely until bypasses 
are made. In the event it were possible to operate 
the producing plant such operations would be 
greatly reduced because of the number of bridges 
damaged or destroyed as a direct or indirect result 
of the attack. 

g. In tracing the possible bypasses (Fig. 47 and 
Table 41) required to operate the system, the 12- 
inch crossing at Bridge 183A (Photo #130) could 
be eliminated since 8- and 12-inch low-pressure 
mains on Bridges 12 and 15 in the immediate 
vicinity were available. However, the breaks in 
the 6-inch high-pressure main and the 12-inch 
low-pressure main at Bridge 21A (Photo 158) con- 
stituted a serious problem. The 6-inch high-pres- 
sure main over this bridge provided sufficient 
pressure to overcome friction losses in the low- 
pressure mains and bypasses within that area. 
The 6- and 8-inch low-pressure mains over Bridges 
19, 22, and 24 might have been sufficient to provide 
the necessary gas required for the area west of 
the Motoyasu River had not the 12-inch low-pres- 
sure main on Bridge 29 (Photo 159) been also dam- 
aged. ‘This area was cut off entirely, and unless 
temporary structures were erected to provide an 
overcrossing for at least the 6-inch high-pressure 
main, very little gas would be available to the area 
west of the Motoyasu River. The break in the 
8-inch low-pressure main over Bridge 43 (Photo 
#130) would be negligible because there was no 
high-pressure supply. However, since no valves 
were installed in this system any attempt to bypass 


PHOTO 153-XIII. Damage by blast to coking ovens at the Domestic Gas Plant, 6,700 feet from GZ. 


PHOTO 154-XIII. Damage to electrical switchboard panel in Building 112, 6,700 feet from GZ. 


298 


PHOTO 155-XIII. Fire and blast damage to gas holders and buildings, 6,500 feet from GZ. 
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PHOTO 156—-XIII. Crown of holder depressed by blast and section raised by compressed gas, 6,500 
feet from GZ. 
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PHOTO 157-XIII, Flash burns on gas holder 6,500 feet from GZ. Note shadow of office building on holder. 


300 


TaBLe 40.—Damage to overcrossings 


Size of pipe (inches) 
Bridge Type ‘ony, irom G7 ie roe: Damage Extent 
pressure | pressure 

5 | Comerete ue s2-ctse Oo ees 204 OF 200K aes. Sia NOMGE west reo 

i ip) eee 4 | 7 cela os Rg Deets eter so A ee: Sa.) 1 Picea ee (Eee (CS elie GER 

i eee GOs o tS Poe es oes 618. |:-5,400 {0-2 sn (eden PO ce aS jo the 
TOM oss O02 eee Bee 307 OUD MTS Beene val ey Fc 0 Pa ea Moderate. 
12.) \|Piste girder. - 2. 2 eke 26} 4 FO ie oes 8 | None--.-- ice ae 

ISROy) Pe: Son Sets ee 307 AFOOT cokes 12 |, Blast and fire... . Complete destruction. 
bah pee eeges (ap pop tre fet Pp Se eo Pr 309 Ae OOF eee Bae Nos este oe es: 
16:3) (Cenertec oo ks ics) else 367 a Mee eae i pee ae (bo Le oh aa ae 
17 1) Pilate girder. 2220522. 2-2 |; 640 4, 600 6 10 Aa | ae Se 
SR AOR RDIOT Grs Lie cle eel 32) MRS OU cats 6 MNS ie cies ater 
9907 Slomeeetes 5 Los se Boo i 4, BOG ben 2 a caplet «|: “Ree acaateae 
DA a teaier ss om eae ess ot 270 1, 200 6 12 | Blast and flood____- Do. 

22-|Platesirder- 2220 4.6 se 164 DOO spacer & Sol INONG = oe 2 awl a! 
pS] bers ra Ve eyo tee ee gen eR 398 OOO See Be) SENS Sirs ee Slight. 
25") Conerstens 2.2 52 ede i AMM ae’, MDB OC.) Welter co) a eee Moderate. 
Ziel gave lane lec Se. ake See 200 4,400 |_____- Sa CIN ONIOR eee ee ee 
284 ingier sa och ot chat 197.| 4,400 |_ 2. i UO ss olen Rabe wn Complete destruction. 
PAH a eth ours ot): peers oi eee ees, A 263 F200. ae OB ste ere ee tee Do. 
oG |. Cantrete 2 fled ot sss 340 1, 900 6 SO: LR eo Severe. 
SE apes Oia. er ta a 358 | 4,600 loose | fee Pot ee Sauer Do. 
ee ee GO 0 ee SH. Gate S10 BSCR ay se ae etl ieee See o Do. 
3o).| Plate girdera of 20 52 242 oe 264 | 3, 200 ys ae Samene (lee Te eG aoe | Complete destruction. 
1 gt Nae ie TO aS nce eS hed Me et ea BC Rae as eee | Severe. 
MG Remiber 5 eee ee Wee 410;1 735-2001. 8 | Blast and fire-______| Complete destruction. 
44 | Steel I-beam...2. 2.2 2.2%. 476 5, 300 LA Pipes ¢ Nome sokades oes 
2 ght Woman Ws en ae 340 | 7, 500 yA Neel argy.? PK Eafe. i ata ee SPRAY 
45:1; Plate girder ss'2. eee SAG) F100: feo I eden 5 Se gy ne 


would necessitate the installation of valves to ac- 
commodate each bypass. The floods of 17 Sep- 
tember and 5 October 1945 totally or heavily 
damaged other bridges (Photos *102 and 160) as 
was previously shown and presented additional 
difficulties since they also served as utility over- 
crossings. 

h. Pressure regulators in the distribution sys- 
tem located on Figure 47 weye damaged (Table 41) 
as follows: 


TABLE 41.—Regulalor damage 


Pres- Distance 
sure reg-| from GZ Type Damage extent 
ulator (feet) 
1 700 | Blast and fire-.....22 2. Heavy 
2 cy) fae 5 Da ER a ge aS Do. 
3 heOUUS | NOG eb oe eee 
A iN ty ai os ES 


The greatest damage to Regulators 1 (Photo 163) 
and 2 (Photo 164) was distortion to the balancing 
mechanism and freezing of the valves by fire. 
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Only a small amount of damage was incurred by 
blast and that was by flying debris. Both regula- 
tors, however, were rendered useless. No damage 
was visible to Regulators 3 and 4 and no breaks or 
damages to piping was noted at these points of 
exit. 

i. The estimated cost of repair and replacements 
of equipment and material by the company as of 
15 November 1945 was 300,000 yen or $75,000 at 
the rate of 4 yen toa dollar. 


4. Recommendations and Conclusions 

a. The gas producing plant, although 6,700 feet 
from GZ, received suflicient equipment damage to 
halt production of domestic gas. The weak point 
in the system was the electrical distribution panel. 
The metering system and gas holders, not being 
essential to production, could be bypassed until 
repairs were effected. It can be concluded that a 
well protected electrical distribution panel would 
eliminate this weak point and, upon resumption of 
electrical power supply, the gas plant, with by- 
passes and few repairs would be in operation. 


PHOTO 159-XIII. Broken gas main at Bridge 29. 
Over-crossing structurally damaged by blast, 1,200 
feet from GZ. 


PHOTO i60-XIII. Bridge 30, carrying 6-inch, high-pressure and 12-inch, low-pressure gas mains, damaged 
by flood. Aqueduct 30A in background, 1,900 feet from GZ. 
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PHOTO 158-XIII. Damaged gas-main supports at Bridge 21A, 1,200 feet from GZ. 


Bridge 27 carrying 8-inch, low-pressure gas main, undamaged, 4,400 feet from GZ. 


PHOTO 161-XIII. 


Undamaged Bridge 47 carrying 4-inch, high-pressure gas main, 7,500 feet from GZ. 


PHOTO 162-XIII. 
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PHOTO 163-XIII. Pressure Regulator 1 damaged by debris and fire, 800 feet from GZ. 
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PHOTO 164—XIII. Pressure Regulator 2 damaged by debris and fire, 1,800 feet from GZ. 


b. ‘There was no damage to the cast-iron, screwed 
or bell and spigot pipe buried at 4 feet below 
ground elevation. The damage, however, to the 
dwellings and buildings to which the pipes were 
extended, damaged the gas branches. Because of 
the vulnerability of the dwellings and buildings, 
this damage would occur regardless of locality. 
But an efficient cut-off system for each branch 
from the main would aid in maintaining main 
pressures and reduce the loss of gas until branches 
above ground were repaired. 

c. Because of the islands on which Hiroshima 
was built, numerous bridges were necessary to 
keep communications open. The domestic gas 
mains were dependent on these bridges as over- 
crossings, and the failure of any bridge acting as 
an overcrossing might also mean the failure of 
part of the system. If a high-pressure main were 
being carried, the whole system beyond that point 
would be out of service. This would be true where 
the attack damaged bridges carrying a 12-inch 
low-pressure main and a 6-inch high-pressure 


main. ‘The area beyond those points could not be 
served by low-pressure pipes because of pressure 
losses. But subriver crossings would eliminate 
these hazards and should be utilized as much as 
possible to minimize the damage from similar 
attacks, 

d. Pressure regulators converted high pressure 
to low pressure for consumer distribution. The 
damage received by regulator 2 at 1,700 feet from 
GZ did not confine the limit of effective damage 
solely to its area for these reasons: (1) Damage 
was such that no gas could flow and the area was 
cut off in proportion to the distance to the next 
regulator, depending on a loop system being in 
the area, or (2) the pressure in the high- and low- 
pressure systems was equalized, creating a danger- 
ous situation for consumers. In order to protect 
the regulators against damage from similar at- 
tacks a good solution would be to install them in 
reinforced-concrete manholes constructed below 
ground elevation. 
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SECTION XIV 
DAMAGE TO STACKS 
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Photos 1—22, inclusive. 
Figure 1. 
Table 1. 
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1. Summary 


The part of Hiroshima which was affected by 
the blast of the atomic bomb contained numerous 
stacks of reinforced concrete, brick, and_ steel 
(Photos 1 to 4), averaging less than 70 feet in 
height and designed to serve small industries and 
public buildings. Very few stacks in excess of 100 
feet in height had been built in this area. In 
obtaining data, a method of sampling was em- 
ployed which gave a good cross-section of both 
damaged and undamaged stacks of the three most 
prevalent types. The survey revealed the stacks 
to be generally well designed, but frequently 
poorly constructed. Although in many instances, 
particularly in the case of undamaged stacks, it 
was impossible to get complete details and dimen- 
sions, sufficient data were obtained to lead to rea- 
sonable conclusions. It was estimated that within 
a concentric area of an 8,700-foot radius from GZ 
(beyond which no further damage to stacks was 
encountered) 15 percent of the concrete, 50 percent 
of the brick, and 70 percent of the steel stacks were 
damaged sufficiently to render them unusable 
without almost complete rebuilding. In all cases 
the cause of damage was believed to be blast. De- 
tailed analysis of the data disclosed mean effective 
areas against stacks constructed of concrete, brick, 
and steel to be 0.3, 2.7, and 4.1 square miles, respec- 
tively (Fig. 1). 


2. Lay-out and Construction 


One of the oddities in the appearance of Hiro- 
shima was the existence of numerous apparently 
undamaged stacks rising out of the rubble of the 
flattened buildings they had formerly served. 
Further elaboration of this picture is given in the 
succeeding subparagraphs. 

a. Types of Stacks. The portion of Hiroshima 
which was most heavily damaged by the atomic 
bomb contained numerous stacks, both damaged 
and undamaged, averaging less than 70 feet in 
height. Large stacks serving heavy industry were 
few in number in this area; only six of those 
studied were 100 feet high or over, the highest be- 
ing 120 feet. Concrete stacks were by far the most 
numerous; brick types averaged less than a third 
of the total; and steel units were little in evidence. 
Several other types, such as vitrified-tile and asbes- 
tos-pipe, were encountered but were not considered 
worthy of study. 

b. Survey Method. The survey was based not 
upon data from all stacks in the area, but upon a 
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sampling of the area. The method employed was 
to compile data on stacks selected for study on 
the basis of location, type, and degree of damage, 
in order that accumulated data might represent a 
fair sampling of all the stacks. Proceeding clock- 
wise around GZ, 16 stacks were selected from the 
northeast quadrant of the city, 23 from the south- 
east, 14 from the southwest, and 13 from the north- 
west. The stacks were distributed over the 
quadrants and extended 8,700 feet from GZ, 
beyond which no further damage was encountered. 

c. Functions. Most of the stacks in the blast 
area had served small industry and public build- 
ings. Large stacks serving heavy industry, which 
was not very prevalent in Hiroshima, were con- 
fined largely to the southern extremities of the 
several islands comprising the city and hence were 
beyond the effects of the atomic blast. Typical 
industries served by the stacks studied in this sur- 
vey included relatively small establishments for 
the manufacture of needles, cameras, paint, 
matches, precision instruments, and similar items. 

d. Design ond Construction. Concrete stacks 
appeared to be well designed. Walls were suf- 
ficiently strong to withstand heavy wind-loads, as 
well as the earth tremors so prevalent in Japan, 
without any appearance of clumsiness or excessive 
thickness. Spacing and size of reinforcing steel, 
wherever exposed to view, compared favorably 
with United States standards. The quality of 
workmanship, however, was generally mediocre. 
Reinforcing steel was not carefully placed and 
concrete thickness was permitted to vary consid- 
erably. Clumsy wood forms were used in sections 
averaging 4 or 5 feet in height, rather than the 
more practical steel slip forms. Some stacks were 
coated with a half inch of cement plaster in an 
effort to cover their rough appearance. Many of 
the concrete stacks were brick lined, usually one 
course, to a height of 10 or 15 feet. Brick stacks, 
especially the larger, octagonal-shaped ones, were 
usually both well designed and well constructed. 
Materials and workmanship were good. The 
smaller, square-shaped brick stacks, such as might 
be used on a public bath house, were built too 
lightly and frequently had to be braced with angle 
iron or steel straps and bands. Steel stacks were 
in a small minority. They followed no apparent 
standard in design; some were lap welded; others 
had riveted joints. Their chief weakness lay in the 
method of anchoring them to the brick base; anchor 
bolts, for example, extended through only four 


courses of brick in some instances, and were inef- 
fective in preventing overturning. 


3. Analysis of Damage 


a. Tabular Data. Table 1 shows the physical 
characteristics of each stack studied and the extent 
of damage, if any. 

b. Kxtcnt and Cause of Damage. It is esti- 
mated that within a radius of 8,700 feet from GZ 
15 percent of the concrete, 50 percent of the brick, 
and 70 percent of the steel stacks were damaged 
sufficiently to make them unusable without almost 
complete rebuilding (Photos 5 to 22). The re- 
mainder suffered either no damage or only minor 
damage, such as loosening of the cement-plaster 
finish coating or loss of all or a part of the steel 
ladders. Minor damage which would permit re- 
use of the stack without repair was not considered 
in this report as damage. The cause of damage 
was believed to be blast in all instances, since there 
was no evidence of spalled concrete, vitrified brick, 
or oxidized steel which would have pointed to fire 
as the cause of damage. 

c. Evaluation of Field Data. A total of 66 
stacks was studied. It was possible to get good 
data on the 20 damaged stacks. On a few of the 
undamaged stacks it was possible to get data on 
thickness, size, and spacing of reinforcing steel, 
and other characteristics where the entrance cf 
the breeching was above ground and accessible, but 
it was impossible to get complete data as the flue 
entrance was usually underground and covered 
with tons of rubble and debris. All concrete stacks, 
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even though no reinforcing steel was visible, were 
believed to be reinforced. Although some data 
were impossible to obtain without destroying the 
stacks, sufficient information was secured to lead 
to reasonable conclusions. 


4. Recommendations and Conclusions 

Analysis of the data revealed reinforced-con- 
crete stacks to be the most effective in withstand- 
ing the blast of the atomic bomb. Brick proved 
highly vulnerable, and steel appeared most subject 
to damage. The mean areas of effectiveness of the 
bomb against stacks of reinforced concrete, brick 
and steel were 0.3, 2.7, and 4.1 square miles, respec- 
tively. The mean effective radii were 1,625, 4,900, 
annd 6,050 feet. ‘These conclusions, it must be 
remembered, are based upon the effects on stacks 
which averaged less than 70 feet in height. From 
the standpoint of economy, speed, and ease of con- 
struction it appeared that practically all of the 
stacks studied and reported on herein should have 
been constructed of steel pipe securely anchored to 
a reinforced-concrete base. Such a stack, even 
though blown down, could be quickly repaired on 
the ground and re-erected in one piece with the aid 
of a crane. Higher stacks, such as those of 100 
feet or more, should be built of reinforced concrete 
or brick. The preponderance of concrete and 
brick as materials for stacks averaging no higher 
than those studied in Hiroshima was probably a 
reflection of the relative scarcity of steel and 
abundance of cheap labor in Japan. 
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TYPICAL UNDAMAGED STACKS 


PHOTO 1-XIV. Stack 9. Typical steel stack PHOTO 2-XIV. Stack10. Typical reinforced- 
with brick base. concrete stack. 
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SECRET 
GRAPHIC SUMMARY OF DAMAGE TO STACKS 


SHOWING LOCATION OF CONCRETE, BRICK AND STEEL STACKS WITH RESPECT TO DISTANCE FROM GROUND ZERO (GZ) 
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TYPICAL UNDAMAGED STACKS 


PHOTO 3-XIV. Stack5. Typical square brick PHOTO 4-XIV. Stack 36. Typical octagonal, 
stack, brick stack. 


313 


DAMAGED REINFORCED CONCRETE STACK 


a 


a 


PHOTO 5-XIV. Stack 3. Reinforced concrete, 1,100 feet from GZ. 


DAMAGED REINFORCED CONCRETE STACK 


en Be eet i tore ‘ ie dae X ig" OS ahh. tb Ng do! toa. 
PHOTO 6—-XIV. Stack 14. Reinforced concrete, 2,400 feet from GZ, with 14-inch heating pipes protruding 
from base. 
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DAMAGED REINFORCED-CONCRETE STACK 


PHOTO 7-XIV. Stack 48. Fractured, reinforced-concrete PHOTO 8-XIV. Stack 48. General 
stack, 1,300 feet from GZ. view of stack shown on Photo 7. 
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DAMAGED REINFORCED-CONCRETE STACKS 


PHOTO 9-XIV. Stack 27. Reinforced 
concrete 6,800 feet from GZ. 


PHOTO 10-XIV. Stack 54. Reinforced concrete, PHOTO 11-XI1V. Stack 12. Reinforced 
4,000 feet from GZ. Sheared off at 55 feet. concrete, 1,900 feet from GZ. Fractured at 16 feet 
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DAMAGED BRICK STACK 


PHOTO 12-XIV._ Stack 38, Square, brick, 4,500 feet from GZ. Sheared off at 30 feet. Note angle-iron bracing. 
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DAMAGED BRICK STACKS 


PHOTO 13-XIV. Stack 4. Hexagonal brick, PHOTO 14-XIV. Stacks 19 and 20. Square, 
1,700 feet from GZ. Sheared off at 12 feet. brick, 4,200 feet from GZ. Sheared off at 35 feet. 


PHOTO 5-XIV. Stack 30. Square, brick, PHOTO 16—-XIV. Stack 32. Square, brick, 
5,000 feet from GZ. Sheared off at 35 feet. 4,000 feet from GZ. Sheared off at 20 feet. 
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DAMAGED BRICK STACKS 


PHOTO 17-XIV. Stack 37. Square, brick, PHOTO 18-XIV. Stack 50. Square, brick, 
8,100 feet from GZ. Sheared off at 20 feet. 2,400 feet from GZ. Sheared off at 30 feet. 


PHOTO 19-XIV. Stack 25. Square, brick, PHOTO 20-XIV. Stack 60. Square, brick, 
3,800 feet from GZ. Sheared off at 30 feet. 6,300 feet from GZ. Sheared off at 30 feet. 
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DAMAGED STEEL STACKS 


PHOTO 21-XIV. Stack 62. Steel with brick base, 5,200 feet from GZ. 
Failed at anchorage to base. 


PHOTO 22-XIV.- Stack 28. Steel with brick base, 6,900 feet from GZ. 
Failed at anchorage to base. 
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SECTION XV 
PHOTO INTERPRETATION 
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1. Object of Study 

The objective of this section of the Hiroshima 
Physical Damage Report is (1) to recommend 
technical changes in photographic interpretation 
techniques necessitated by the use of the atomic 
bomb; (2) to study the characteristics of atomic- 
bomb damage which will be apparent on aerial 
photographs; (3) to evaluate the accuracy of in- 
telligence reports based on photographic coverage 
of the Hiroshima area; and (4) to comment on 
the value of photographic interpretation to a 
ground survey. 


2. Summary 

a. New techniques or variations of existing ones 
which will take into consideration the integrated 
industrial, military, commercial and domestic 
activities and the diverse structural types which 
comprise an area under analysis as an atomic- 
bomb target must be developed for both preattack 
and postattack intelligence reports. 

b. Although there are some distinctive char- 
acteristics of damage which result from an atomic- 
bomb attack, they are similar to those which have 
been associated with previous weapons, and the 
two basic causes of damage, blast and fire, can be 
identified by current photographic interpretation 
techniques. 

ce. The Physical Damage Report on Hiroshima 
prepared by the Joint Target Group was generally 
correct in description of the damage, but was inac- 
curate in respect to certain details: Ground zero of 
the blast was mislocated by approximately 1,130 
feet; the reported area of total damage was sub- 
stantially correct, the mean area of effectiveness 
(MAE) of the bomb was slightly overestimated ; 
and the reported damage to concrete buildings did 
hot correspond to the findings of the ground 
survey. 

d. The photographic intelligence study of the 
Japan Steel Works, Ltd., reported correct, or 
closely allied, occupancy to buildings comprising 
90 percent of the total plant area and gave a rea- 
sonably accurate description of the vulnerability of 
the plant to blast damage, but underestimated the 
vulnerability of the target to fire. 

e. General information concerning Hiroshima 
as a military target was relatively accurate. Few 
reports had been prepared on the area and the 
amount of intelligence information was limited, 
since the city was neither one of the primary urban 
targets, nor was it highly industralized. 
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f. Photographic intelligence has proved a defi- 
nite aid to ground survey groups in establishing 
the validity of interrogations, checking the status 
of the target on specific dates prior to the arrival 
of the field survey, and as guide and index for the 
area, 


3. General Information 

It is the opinion of the members of the team that 
the factual information presented herein is ac- 
curate and in sufficient detail to warrant the recom- 
mendations and conclusions which are reached. 

a. Part 3 of this section is an evaluation of the 
accuracy of a physical damage analysis prepared 
by the Physical Vulnerability Section, Joint 
Target Group, dated 1 September 1945, as Special 
Project PV—P82. A complete copy of this report 
is filed with-G-2, ©. S. Strategic Bombing Survey. 

6. Part 4 is an evaluation of the accuracy of an 
industrial photographic interpretation report on 
the Japan Steel Works, Hiroshima Branch, pre- 
pared by AC/AS Intelligence, Photographie Divi- 
sion, as Buildings Construction Analysis (BCA) 
No. 60, dated 9 June 1945. A copy of this report 
is filed with G-2, U. S. Strategic Bombing Survey. 

c. Part 5 is an attempt to evalute the preattack 
general target information concerning the city of 
Hiroshima. As a basis for study CINCPAC- 
CINCPOA Bulletin No. 8-45 of 15 January 1945, 
entitled “Air Information Summary,” and Inter- 
pron Two Report No. 576 of 10 May 1945 were 
used. Since Hiroshima was not indicated as a 
target of primary importance, no detailed pre- 
attack urban analysis was done on the city. 
PART 1. INFLUENCE OF THE ATOMIC 

BOMB ON PHOTO INTERPRETATION 

1. By the close of World War I, photographic 
interpretation had developed into one of the most 
important sources of intelligence concerning the 
enemy, his resources, plans, and action. In con- 
nection with the strategic bombing program, it was 
especially important in locating and identifying 
important targets, in determining the vulnerabil- 
ity of such targets to weapons available, and later 
in assessing the physical damage to the targets. 
The extensive use of photographic intelligence re- 
sulted in the development of certain techniques for 
obtaining necessary target information; with the 
advent of each new weapon or tactic a new tech- 
nique was required. For instance, when area 
incendiary attacks were begun, photographic in- 
terpreters were called upon to determine com- 
bustibility and built-upness of areas, to locate 


firebreaks and fire walls, and the like, factors 
which would affect the number and type of distri- 
bution of bombs to be dropped. Many of these 
data had not been required for high-explosive, 
“pin-point” bombing used prior to this time. The 
use of the atomic bomb requires additional changes 
in photographic interpretation techniques. 

2. Basically an atomic-bomb attack is an attack 
by a single, highly effective bomb which will cause 
damage to an extensive built-up area comprising, 
singly or in combination, urban, industrial, and 
military concentrations. The concept of an attack 
which affects the integrated activities of a target 
area is prerequisite to the analysis of the changes 
in photographic intelligence techniques suggested. 

a. Preattack Analysis. (1) The concept of a 
target must be revised to comprise an area of in- 
tegrated activities rather than an individual build- 
ing, individual plant, or single military instal- 
lation. 

(2) A suitable method must be developed for 
evaluating the economic vulnerability of a target 
area, which will take into consideration the in- 
tegrated industry, transportation, services, utili- 
ties, and housing which would be affected by 
attack, 

(3) A suitable method must be developed for 
evaluating the physical vulnerability of a target 
area, one which takes into consideration the diverse 
structural types and the mean area of effectiveness 
of an atomic bomb to each, assuming the aiming 
point is known. 

(4) A suitable method must be developed for the 
relative evaluation of different possible aiming 
points with respect to both economic and physical 
vulnerability of the target. 

b. Damage Assessment. (1) The over-all pat- 
tern and extent of damage to an urban concentra- 
tion resulting from an atomic-bomb attack differs 
somewhat from those resulting from an attack by 
high-explosive or incendiary weapons, but the 
characteristics of damage to an individual struc- 
ture remain unchanged as far as photographic 
evidence is concerned. Therefore, no basic change 
in interpretation techniques is required, but more 
rapid methods of analyzing the economic and 
physical damage to an area will be necessary. 


PART 2. CHARACTERISTICS OF ATOMIC- 


BOMB DAMAGE AS SEEN ON AERIAL 


PHOTOGRAPHS 


1. A study of the damage to Hiroshima gives 
evidence of certain characteristics which can be 
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associated with the atomic bomb. A review of 
these will be a guide to photographic interpreters 
in identifying and analyzing similar instances of 
damage. Blast and fire are the causes of damage, 
and, when present separately, have distinctive ap- 
pearances on photographs, regardless. of the type 
of weapons used. It is very difficult, however, to 
differentiate between the two distinctive types of 
damage when fire has occurred to a blast-damaged 
area, as was the case at Hiroshima. 

2. In analyzing damage it is always necessary to 
approach the problem with the pattern in mind of 
the usual or expected reaction of the weapon used 
in the attack. At Hiroshima, the bomb exploded 
about 2,000 feet above the heart of the city and 
destroyed approximately 4 square miles of built-up 
area. Around this area of complete devastation, 
in which only earthquake-resistant buildings were 
left standing, were concentric areas of decreasing 
damage, ranging from structural to minor. Fire 
contributed to the damage by consuming most of 
the buildings collapsed by blast, and, in places, 
spread of the fire destroyed others not structurally 
damaged by blast. In many instances, therefore, 
the fire fringe coincided with the fringe of total 
damage. Minor blast damage, including exten- 
sive glass breakage and some wall and roof strip- 
ping, extended as far as 4 miles from ground zero; 
and in a lesser degree as far as 7 miles. 

3. The effectiveness of the atomic bomb is largely 
due to blast. The blast damage resulting from an 
ordinary high-explosive bomb with a much smaller 
mean area of effectiveness is characterized by a 
radial appearance of the damaged members and 
debris extending outward from the center of dam- 
age. Damage resulting from the atomic bomb has 
the same characteristic appearance, but because of 
the much broader area affected, it is not so dis- 
tinctly apparent. The concentric circles of dam- 
age, previously mentioned, reflect this character- 
istic, but the regular pattern of damage is often 
interrupted by topographic features. In good- 
quality, large-scale photographic coverage, it is 
likely that other evidence of the radial appearance 
can be seen. Some of these would include street- 
cars displaced from rails, overhanging cornices 
broken, bent flagpoles and utility poles, and col- 
lapsed walls, all of which will be directionally 
away from the center of damage. When this evi- 
dence is properly evaluated it may aid in locating 
the approximate ground zero or center of damage. 

4. The fire damage resulting from an atomic- 


bomb attack does not differ in appearance on aerial 
photographs from that of an ordinary incendiary 
attack but the pattern of the fire fringe does differ 
somewhat. In an incendiary attack, the windward 
boundary of the fire fringe will usually be jagged 
and irregular, and beyond the fringe there will be 
many isolated cases of small fires caused by the 
“spill-over” of the attack, which were controlled 
by fire fighting. On the leeward edge, it is more 
difficult to fight the conflagration because of the 
intense heat and smoke; consequently, the fire 
usually burns unchecked until it reaches a firebreak 
or area of low built-upness. This results in a fire 
fringe that is more regular than on the windward 
side, where fire fighting could partially control the 
blaze. 

5. The pattern of the fire fringe in the case of 
the atomic-bomb attack on Hiroshima tended to 
‘be more regular on all sides because fire originat- 
ing in a large area around the center of damage 
was so intense that the air was drawn inward from 
all directions, and, therefore, fire was less likely 
to spread outward and make indentations into the 
unburned area. This phenomenon would have 


been unlikely if a moderate or strong natural 


wind had been blowing at the time of attack; in 
that case the pattern of the fire fringe would prob- 
ably have reflected the more normal spread of fire 
to leeward. Although some instances of isolated 
fires occurred outside the fire fringe, they were 
noticeably less numerous than would result from 
an incendiary attack, when ignition can be attribu- 
ted to “spill-over.” 

6. The limits of the fire are important in dam- 
age assessment, as was demonstrated in Hiroshima 
where nearly all concrete buildings left standing 
within the fire fringe were gutted by fire, and 
severe damage was caused to machine tools and 
other equipment in industrial structures. 

7. Color photography would increase the accu- 
racy of fire-damage assessment, if it were more 
extensively used. Color photography of Hiro- 
shima showed the burned-over area to be more red 
than the remainder of the damaged area. 


PART 3. EVALUATION OF PHOTO- 
GRAPHIC INTERPRETATION PHYSI- 
CAL DAMAGE REPORT 

1. The damage to Hiroshima City resulting 
from the atomic-bomb attack of 6 August 1945 is 
the subject of a report issued by the Physical Vul- 
nerability Section of the Joint Target Group. 

The report was based on a study of photographic 
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sortie 3PR-5M391 of 9 August 1945, and is a 
general, preliminary analysis giving a close ap- 
proximation of the damage incurred by the city. 
The following subsections are a check of various 
parts of this report. 

2. Ground Zero. a. The location of the ground 
zero as estimated by the Joint Target Group re- 
port was approximately 1,130 feet to the northeast 
of the actual ground zero. The reported probable 
degree of error was plus or minus 500 feet. 

b. The atomic bomb dropped on Hiroshima 
detonated about 2,000 feet in the air and conse- 
quently left no crater to establish the point of 
explosion. ‘The reported ground zero was appar- 
ently located by determining the center of the 
roughly circular area of total destruction in the 
heart of the city. As no data on the attack were 
available at the time, this method appears to be 
the only one possible under the circumstances, but 
the fact that such a large error resulted indicates 
that this method is not reliable. It would only be 
reliable when the area affected was equally vul- 
nerable in all directions, and the resultant fire 
spread equally in all directions. The survey de- 
termined the actual ground zero by examination 
of flash marks, and flash shadows, none of which 
would be apparent in aerial photos. Other indi- 
cations of blast direction, i. e., the leaning of 
buildings, damaged sides of buildings, and over- 
turned street cars, might be apparent in photo- 
graphs under certain circumstances, but “excep- 
tions to the rule” and unusual examples would 
probably prevent anything but a rough approxi- 
mation of the actual ground zero. 

3. Area of Damage. a. The 4-square-mile area 
of virtually total destruction reported by the Joint 
Target Group is substantially correct. One small 
area of additional damage (0.048 square mile) 
was beyond the limits of the photographic coverage 
available for the report. 

b. No exact figure for the total area of damage 
was given in the report due to quality of cover. 
In lieu thereof, the percentages of damage at vari- 
ous distances from the ground zero were given, and 
these were based on damage to the larger buildings 
in the more important industrial, military and 
public installations. In support of this method 
the report states that: 


Although the larger buildings* presented a larger area 
to the blast wave and hence might be expected to receive 


*“Targer buildings’ refers to industrial and storage buildings 
other than those reported as concrete buildings. 


more damage than smaller buildings, on the other hand, 
the larger buildings are stronger and less vulnerable than 
the smaller buildings which are chiefly residences * * * 
these two effects largely cancel each other. 

It is the opinion of the members of this team that 
such reasoning does not hold for this particular 
‘ase because many of the “larger buildings” which 
were examined exhibited a much greater vulner- 
ability to damage than residential type structures. 
The “larger buildings” which were prevalent 
throughout Hiroshima were chiefly wood-frame, 
industrial-type buildings and were extremely 
vulnerable to blast. Enough of them were in- 
cluded in the calculations of the Joint Target 
Group report to affect the accuracy of the results. 
The mean area of effectiveness for these two 
specific types of structures is given in Part 3, Para- 
graph 6c, and reflects the opmion expressed above. 
* ¢. The Joint Target Group report tabulated the 
area of damage by urban area zones in the central 
area of damage. The zones depended upon the 
built-upness and occupancy assigned by photo in- 
terpreters from prestrike cover. The accuracy of 
these zones could not be checked on the ground 
because of the complete devastation and because 
no reliable Japanese documents furnishing this 
information were recovered. 

4. Check on Damage to Concrete Buildings. a. 
When viewing the damage photographs of Hiro- 
shima, one immediately notices reinforced-concrete 
buildings standing apparently. undamaged 
throughout the area of total destruction. This 
significant point was given some prominence in the 
Joint Target Group report. A study was made 
from preattack and postattack photos to determine 
the number and location of concrete buildings and 
extent of damage sustained by them as a result of 
the atomic-bomb attack. Table 1 from the report 
shows the result of this study. 

b. Table 2 was compiled from data gathered at 
the site. The buildings included therein comprise 
all of the reinforced-concrete structures (plus those 
of composite steel and reinforced-concrete frame) 
found in the city, three of which were beyond the 
limits of the blast and fire studies. No direct com- 
parison is made between these figures and those 
given in Table 1. It is the opinion of the team that 
only the damage in the first two categories, 1. e., 100 
percent structural damage and 50-99 percent struc- 
tural damage, could have been determined with 
any degree of accuracy from the photographic 
coverage used for the report. The actual physical 


TaBLE 1.—Reported damage to concrete buildings 


Total Number Number 

Distance from center of impact number of partly completely 

buildings | destroyed | destroyed 

Ostomt O00seet sea a ae ae 10 1 1 
1: 000't0'2,000téeet=2 = 2. 13 1 0 
2;000t0'3;000 feet -— 2 2 S-- S- 5 0 0 
3,000 to 4,000 feet___.___.__ 7 0 0 
4,000 to 5,000 feet___.___- =~ 3 0 0 
5,000 to 6,000 feet-.-=- -.2—- 10 1 1 
6:000)to72000Meetese- = ee 0 0 0. 
7,000 to 8,000 feet... _.__- 0 0 0 
8,000 to 9,000 feet_______--- 1 0 0 
9,000 to 10,000 feet___-____- 0 0 0 
10,000 to 11,000 feet_______- 1 0 0 
Beyond 11,000 feet____--_-_- 0 0 0 
PING Sana ce a 50 3 2 


damage to buildings is given here with respect to 
distance from ground zero, which was the basis for 
the reported figures in Table 1. 


TABLE 2.— Actual damage to concrete buildings 


100 | 50-99 | 1-49 No 
aga Vecrbepe: percent ola rrr 
positioned ta : . er of | struc- | struc- | strue- | * 
Distance from Ground Zero | puiq-| tural | tural | tural eins 
ings dam- | dam- | dam- ave 
age age age Me: 
O-1,00O 1eeta 5222 o as Foe. Soe ees 9 0 2 5 2 
1,000-2,000 foets.-22- 23-35-44 14 3 1 8 2 
2:00053,000ifeets =e: 22 re nee 9 0 0 2 ‘( 
3,000—4,000 feet c- este esas 7 0 0 0 if 
4,000-5,000 feet-_-.--.------=---- 9 0 0 0 9 
5,000-6,000 feetsi-2 . es 2 2A 2: 9 2 1 1 5 
6,000-7,000 fect-2- 2. .2- 2-22 S2- =: 4 0 1 0 3 
7,000-8,000 ‘feet... .c2, 5-2 -S 2 2225 3 0 0 0 3 
8,000-10;000 feets-. 5-5-5 10 0 0 0 10 
‘Rotel ohare oo Seed 74 5 5 16 48 


c. Identification of Concrete Buildings. 
Twenty-five of the seventy-four reinforced-con- 
crete buildings in the city were not identified as 
such in the Joint Target Group report. Usually 
this type of building is easily identifiable in Japa- 
nese cities by the typical flat concrete roof slab. 
An examination of the photographic coverage used 
for the report indicates the following possible 
reasons for this discrepancy:  ~* 

(1) Nine buildings were too small to be identi- 
fied or considered of importance. 

(2) Four buildings had gable roofs with tile 
covering. 

(3) Two buildings had saw-toothed roofs. 

(4) One building was not covered by photog- 


raphy. 


(5) Nine buildings were apparently overlooked. 
(Only two buildings were incorrectly identified as 
being constructed of reinforced concrete, and both 
had flat, conerete-slab roofs, supported by load- 
bearing, masonry walls.) 

d. Damage to Structures. (1) Of the five 
buildings suffering 100-percent structural damage, 
the damage to one building was correctly assessed ; 
three buildings were not identified as concrete and 
therefore not assessed; and one building was 
marked undamaged. 

(2) Of five buildings 50-99 percent structurally 
damaged, the damage to one building was cor- 
rectly assessed; and no damage was assessed on 
four buildings. (Two other buildings reported as 
partly destroyed actually sustained only minor 
damage. ) 

e. Damage to Contents. It is impossible from 
vertical photographs to assess internal damage to 
buildings, the roofs of which remain intact, and 
no attempt was made to do so in the Joint Target 
Group report. It is felt, however, that it will be 
of interest to show the figures since practically all 
concrete buildings within the badly damaged area 
of the city did suffer internal damage from fire. 


TABLE 3.—Damage to contents 


Fire damage 
to contents 


Number of buildings: (percent) 


aS ee ae Nuon fogs ree NS ee 100 
GN certs Se ella at ee Pe oe Tk a ell 2 50-100 
tS tl al apne ie Ege phe Ae cf nea eh Po SR O— 50 
a by SOR Sea eT RIN Se ee Be I 0 


Nore.—aAll but 6 buildings were within the burned area. 


An examination of large-scale, oblique coverage of 
Hiroshima failed to show evidence of this exien- 


despite the fact that these photographs were taken 
under ideal conditions after the close of hostilities. 

5. Check on Functional Assignments. In the 
Joint Target Group Report, 67 installations were 
annotated and given functional identifications, 51 
of which were checked by the Survey. These 
identifications were derived from all available 
sources of intelligence (mainly ground informa- 
tion and photographic interpretation). Since 
photographs are usually used to substantiate 
ground information, all such identifications are 
considered in the following check. It should be 
noted that the city of Hiroshima was not consid- 
ered a priority, strategic-bombing target until the 
atomic-bomb attack and no comprehensive intel- 
ligence study had been made of the target. 


TABLE 4.—Iunctional identification 


Number of Percent of 


Type of identification : installations total 
Identified’ correctly 222 2 ea ee 26 50.9 
Identified “incorrectly=25 2-2 es 11 21.6 
Given similar identification —--_____ 4 7.9 
Unidentified by P. I. report___-_____- 10 19.6 

oink oP oor r= a pe 51 100.0 — 
6. Mean Area of Effectiveness (MAE). a. The 


MAE of a weapon is the probable area of a given 
type and degree of damage which would result, if 
the weapon were used against an area of dalinnited 
extent, completely builtaip with targets of the 
specific type and construction under consideration. 

b. The Joint Target Group reported the MAE 
for superficial damage to average, single and 
multistory buildings to be 10.1 square miles with 
the Hiroshima atomic bomb. 

c. The MAE’s of this bomb for structural dam- 


sive fire damage to the interiors of the buildings. age determined by this team (Sec. X) are as 
Such damage could be detected in only a few cases —_— follows 
TABLE 5.—Mean areas of effectiveness 
MAE MAE 
Type of construction Vulnerability (square radius 
miles) (feet) 
DAIBtOry, GaCbhquskeTesisvant. Sew ea es wheat eee eee eA bl aera ew erate a ' 0. 03 500 
Multistory, steel- and R. C.-frame (including earthquake- a ee buildings)<\ Var Vine 2224222 ee . 05 700 
Srehe,stebbiranip oS a) + Se eee Bera Spas So ek eee WS ie te Wie bs 3. 4 5, 500 
ee erea ey IRL ek 9 as eto ata ee eet a en Bee see el Sanne at ois ip ie ath athe Ghike case at z 3. 6 5, 700 
athentiecnneruction. (Tesidentiah 2s et ne et ok eck ee tees Wi aes ae es 6. 0 7, 300 
Sea (eae ae RS CC Aw ae Vee em Nee pets | Vik eet a tee 6. 0 7, 300 
Wood-frame, industrial-commercial constr UL GTLOU Cosa Ns wae ce A Sere ae VS eV Ae Se et ete 2 8.3 8, 700 
imide Constr UtglOinc toss ee ak ee ee ee Beg os ey Ver Vide ae Be 9, 200 
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d. Since the reported MAE was figured for su- 
perficial damage and the team’s MAE was for 
structural damage no direct comparison of the two 
‘an be made. Moreover, many of the buildings 
(particularly the wood-pole and the wood-frame, 
industrial-commercial types of construction) re- 
ported by Joint Target Group as being of V3 and 
V4 vulnerability were found to be much more vul- 
nerable than the average buildings in these two 
categories. 

e. It should be pointed out that in Hiroshima 
domestic structures were less vulnerable than the 
most prevalent of the V3 and V4 _ buildings, 
namely, the wood-frame, industrial-commercial 
and the wood-pole construction types. 

f. It is inadvisable to attempt to compute an 
MAE from aerial photographs, unless the quality 
of the cover permits reasonably accurate determi- 
nation of building types. This is exemplified by 
the extreme variation of the MAE’s shown in Table 
5 for V3- and V4-type buildings for which one 
MAE was reported by Joint Target Group. 
PART 4. EVALUATION OF PHOTO- 


GRAPHIC INTERPRETATION INDUS- 
TRIAL REPORT 


1. The only target in the vicinity of Hiroshima 
on which industrial interpretation reports were 
made was the Japan Steel Co., Ltd., Hiroshima 
Branch (Target No. 90.30-1891). 

a. The photographic intelligence functional 
analysis report on this target assigned correct or 
closely allied occupancy to approximately 90 per- 
cent of the total plant area. 

b. The photographic intelligence structural 
analysis report gave a reasonably accurate descrip- 
tion of the target as regards vulnerability to high- 
explosive attack. The vulnerability of the target 
to fire was considerably underestimated, princi- 
pally because of the prevalence of wood sheathing 
and framing members under noncombustible roof 
covering. The only general error in the assign- 
ment of building construction classifications con- 
cerned buildings housing overhead traveling 
cranes, where the capacity of the cranes was 
greatly overestimated. 

ce. The 6 August 1945 atomic-bomb attack in- 
flicted some damage to the plant which was located 
approximately 4 miles from ground zero of the 
atomic bomb. ‘There was no structural damage 
and no loss of production as a direct result of phys- 
ical damage; however, production was stopped for 
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ten days while company personnel participated in 
emergency relief work in the urban area. 

2. Description of the Target. a. 'The Japan 
Steel Works, Ltd., Hiroshima plant (Fig. 1), was 
located approximately 4 miles east-southeast from 
the ground zero on the seaward side of the Hiro- 
shima-Kure coastal highway. The total site area 
was 220 acres and the plant comprised 80 installa- 
tions (74 of which were buildings) of functional 
importance arranged in an irregular pattern be- 
tween the highway and Ujina Ko. 

b. The plant consisted of three general areas of 
production, the largest area being devoted to fabri- 
cating and machining Army and Navy ordnance 
items other than ammunition. The principal 
products of this section of the plant were guns of 
sizes up to 40-caliber, 12.7-millimeter antiaircraft, 
torpedo discharge tubes, various special forgings 
and castings for gun turrets, and shells. 

c. The second area, on the waterfront in the 
southern section of the plant, fabricated and as- 
sembled submersible transports (large subma- 
rines) for the Army. 

d. The third area, in the southeasterly section 
of the plant on the narrow coastal strip at the foot 
of a steep rise, produced 25-millimeter ammuni- 
tion, including explosives, cartridges, and percus- 
sion fuses. 

e. Nonmilitary products produced were reaction 
and mixing tanks for nitrogen fixation and rail- 
road coupling shock absorbers. 

7. A large part of the raw materials were sup- 
plied by the Army and Navy and were machined 
and assembled at the plant. 

3. Description of Damage. a. No attack, air or 
surface, was directed against this company’s plant ; 
the slight damage, hereinafter described, resulted 
from the atomic-bomb attack against Hiroshima 
on 6 August 1945. No structural damage was sus- 
tained by the plant, but superficial or minor dam- 
age occurred to all major buildings. All damage 
was due to blast; no fires were started. No inter- 
ruption of processes nor damage to vital machin- 
ery resulted from the physical damage to the plant ; 
but because of wide devastation in the Hiroshima 
area, production was halted to expedite emergency 
relief for 10 days, 6-15 August 1945. 

b. The day of the attack was a company holiday 
and only a bare skeleton crew was at the plant. 
Casualties to employees, many of whom lived in 
Hiroshima, were consequently greater than it 
otherwise would have been. 
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e. The following tabulations prepared by the 
company show the damage resulting from the 
atomic bomb. Damage to the small Nisikaniya 
branch factory building located near the railway 
station in central Hiroshima is included in the 
following tabulation, which erroneously gives the 
impression of a high percentage of damage to the 
main plant itself. 


TABLE 6.—Damage to Japan Steel Co., Ltd. 


Damage to property: 


(a) Factory: Percent 
Roote == pal es Wp iene nae eae 20 
TV Ee a-Si a oa Sees pO ey Se 90 
CSRS ee ies Big Se A a Pe 95 
N. B. Nisikaniya branch factory badly damaged. 
(0) Dormitory and factory houses: Percent 
ROO Le ms Ses eae a gas Pee Ene. 10 
VV GUD erate Lote ahaa Sa ey 30 
CE ts fe sen Stee Lg att SN inne See yee 60 

(c) Machinery and equipment: 
Machinery, electric power, water 

mains. Minor damage. 
Casualties up to 27 September 1945: 
(a) Employees: 

3 Lyf ee RTE Shas cI, CONSE ae gl Ut 376 
Seriously -injured {S320 2s 2s 212 
Slightly injured222.2 225-2 ss 249 


N. B. Total number of employees, 5 August, 
18,082. 
(b) Employees’ families: 
PLE 2 so ad ek oes 520 
Seriously “injured=—~- += 2-5 = 516 
SHUN jUReU Ese ess ee 676 


Expenditures : 

Special payments, food, clothing, medical care, 

631,475 yen. 
Production losses: 

From 6 to 15 August, factory production was 
halted and employees were put on relief 
restoration work. Losses are estimated as 
follows: 


Man-hours lost, 261,680________ ¥130, 840 
Procuenion tee ea ees 1, 600, 000 
¥1, 370, 840 


*Nonstructural damage except at Nisikaniya. 


d. The most extensive damage to any one build- 
ing was observed at Building 30 (Fig. 1). The 
three bays on the opposite end of the building 
from the center of blast sustained roof stripping 
and a few wood purlins were broken. Both end 
walls were stripped, steel sash were distorted and 
glass was broken. The building was closed at the 
time of the attack. 

e. It was found in general that the heaviest dam- 
age occurred at the ends of buildings away from 
the center of blast. It consisted of wall and roof 
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stripping, glass breakage, deformation of metal 
sash, and some fracture of light, wooden, inter- 
mediate, framing members. Almost all indica- 
tions of blast were outward from the building, and 
the most severe damage occurred to the buildings 
tightly closed to the elements. The small revetted 
buildings in the explosive-manufacturing area 
were undamaged except for a very small amount of 
glass breakage. 

4, Functional Analysis Evaluation, 'This eval- 
uation is based on the occupancy reported by the 
Joint Target Group for analyzing the functional 
importance of each building in the plant. 

a. Boundaries. The boundaries as reported 
were substantially correct, and included all the 
productive parts of the plant. The administra- 
tive area in the northern corner was not included 
(this area contained the bulk of the general office 
space, student dormitories, and classrooms). 

b. Building Identification. The accuracy of 
individual building occupancy identification is 
tabulated as follows: 


TaBLe 7.—Building identification 


Type of identification apes Pts Boe, 
buildings feet) area 
Identified correctly________- 36 | 830.7 58. 2 
Of similar occupancy —_____- 17 | 396.6 31.0 
Unidentified in report_--- ~~~ 6 38. 2 3. 4 
Wrongly identified _______-- 15 | 102.4 7.4 


(1) The tabulation shows that apparently no 
cognizance was taken of the fact that in Japanese 
industrial: lay-out, service buildings (e. g., em- 
ployees’ cloak rooms and mess halls) were often 
found adjacent to the large shop buildings, and, 
as a result, these service buildings were misidenti- 
fied as warehouses. 

(2) In this plant the production flow line was 
not sufficiently straightforward to deduce from 
relative position in the layout the process in each 
building. 

ec. Services. The plant was serviced by rail, 
highway, and lighterage. 

d. Area of Plant. The total area of land 
owned by the company was 220 acres. The re- 
ported area of the target was 143 acres. The land 
owned by the company included wooded and 
rough-terrain areas not suitable for industrial 
purposes, which were correctly excluded from the 
reported target area. 


PHOTOS 3-XV and 4-XV. 
suilding 30 (Fig. 1—-XV). 
Interior and exterior views 
of this light steel framed in- 
dustrial structure, show the 
character and extent of roof 
and sidewall stripping. 
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PHOTOS 1-XV and 2-XV. 

Building 20 (Fig. 1-XV). No 

damage other than glass break- 

age and distorted window 

frames occurred to this modern 

concrete roofed industrial 
building. 


PHOTO 6-XV.. Building 71 

(Fig. 1-XV). The submersible 

transport assembly building, in 

the southeastern part of the 

plant, sustained some wall 
stripping. 


PHOTO 5—-XV. Building 24 (Fig. 1—XV). 
This light, wood-framed, one-story structure, 
covered with stucco, was blown about 12 
inches out of plumb by the bomb blast, but its 
usefulness was unimpaired. 


PHOTO 7-XV. This gen- 

eral view shows the uni- 

formity of superficial dam- 

age to the buildings in the 
plant area. 


5. Structural Analysis Evaluation. a. Scale. 
An average error of 3 percent was found after 
checking reported dimensions against ground 
dimensions. 

b. Orientation. The north indicated on the tar- 
get plan was found to be approximately 20 degrees 
east of true north. 

ce. Building Construction Types. The Joint 
Target Group building construction analysis sec- 
tion has established a classification system for 
structures, based on distinctive differences in de- 
sign of the usual industrial-type buildings. The 
classification system, shown in Reference Tables, 
takes into consideration the basic design of the 
structure, truss or girder span, column height, 
number of floors, and resistance to shock loading. 

(1) Correct building-type classification was re- 
ported by the Joint Target Group for 56 buildings, 
representing 49.5 percent of the plan area; 21 
buildings, representing 50.5 percent of the plan 
area, were incorrectly classified. Of those incor- 
rectly classified, 10 buildings, representing 39.0 
percent of the plan area, were reported as B1 type 
and were actually B2 type. The difference be- 
tween Bl and B2 construction types is in the 
capacity of the overhead traveling crane only. 

(2) Table 8 compares the reported and actual 
areas in each building construction classification. 


Tas_Le 8.—Reported and actual construction types 


Reported Actual 
Building con- yim Area* 
struction classi- | Num- org a Num- Pane Dare 
fication pect Seaa anid oat pom cent of 
ings op orig total ings 3 oe total 
mae Sts Ff 2) 59: 1 4.3 4, 78.8) 5.8 
ed 8| 199. 7| 14.5 7| 100. 0 13 
ete Tx 10) 522.4; 38.2 Lie PLO GO al 
ee 6} 365. 1] 26.7 17| 957. 6} 70.3 
epee eee 46) 182.7); 13.3 38} 159.9} 11.6 
_» ee ai 6) 39.9 2.9 9} 53.9 3. 6 
Lf ene Fae 0 0 0 2 Bley ae 


* Based on the Joint Target Group reported building areas for comparison. 


d. High-Explosive Vulnerability Factors. The 
Joint Target Group classification system for blast 
vulnerability of industrial structures is based di- 
rectly on classification of building-construction 
types explained in subsection ¢ above. Vulnera- 
bility varies from V1 to V5, most resistant to least 
resistant, respectively. 

(1) A total of ten buildings, representing 12.8 


731568—47 25 
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percent of the total plan area, were assigned a 
wrong vulnerability factor. Although the high- 
explosive vulnerability factor depends directly on 
the building construction type, several building 
types carry the same vulnerability factor. Such 
is the case with B1- and B2-type buildings, each 
of which carries a V2 vulnerability rating. This 
accounts for the smaller percentage of error than 
was made in assignment of building construction 
types. 

(2) Table 9 gives the reported and actual floor 
areas for each high-explosive vulnerability factor. 


TABLE 9.—Reported and actual HE vulnerability 


Reported Actual 

HE vulner- nA nN N “ a* 
ability factor “of si ‘chonannd Percent vot mi Ghoueal Percent 
build- square | of total | build- square | of total 

ings feet) ings feet) 
AVIS ah oa 16} 887.5) 64.6 LS|p OR29O). la 4 
Wigtet 2 ee 6 39. 9 2.9 9 53. 9 3. 6 
Wis Ate Sh ae 0 0 0 2 neh ar 
NA eet eM 56] 441.5) 32.5 49| 338. 7| 24.7 
Total_._- 78\1, 368. 9} 100. 0 78/1, 368. 9} 100. 0 


*Based on the Joint Target Group reported areas for comparison. 


e. Combustibility Factors. A total of 17 build- 
ings, representing 48.0 percent of the total plan 
area, were assigned incorrect combustibility rat- 
ings. All errors were in reporting combustible 
buildings as noncombustible. A building is rated 
as combustible (C) if either or both main frame 
or covering (roofing or siding) is of a material 
which will in itself support combustion ; rated non- 
combustible (N) if, although the materials will not 
support combustion, it will be structurally dam- 


aged by intense heat; and rated resistive (R) if the 


materials will neither support combustion nor be 
affected by heat. 

(1) The most common error in this case was in 
the description of the roof. In most cases the 
roofing, although noncombustible (either tile or 
corrugated-asbestos) was over wood roofers. This 
placed the building in the combustible category. 
Wood framing was used much more extensively in 
this plant than in similar industrial plants in the 
United States. Several instances were found 
where heavy wood framing was used in buildings 
housing overhead traveling cranes. Company of- 
ficials stated that a shortage of steel for wartime 
construction led to this expedient. 


(2) Table 10 compares reported and actual areas 
of combustibility ratings. 


TABLE 10.—Reported and actual combustibility ratings 


Reported Actual 
ety eee e, Area Area* 
Combustibility rating (thou- | Pereent | (thou- | Percent 
sand of sand of 
square total square total 
feet) feet) 
Combustible (C)e_-.. 2.2L. DABS 12 Ol O40)? 74.1 
Noncombustible (N)_---- 1,127.4) 82.1] 349.9) 25.9 


(No resistive (R) bui!dings were reported; 2 small substations, not included 
above were of resistive-type construction.) 
*Based on Joint Target Group areas for comparison. 


f. Building Heights. Of the 28 buildings 
checked, results were found as shown in Table 11. 


TaBLe 11.—Building heights 


Percent- 


Num- Pereent-| 28° 
ber of | Average| age of be 
build- error build- ‘ae 
ings mgs | building 
height) 
PNGMCTT OTe ser es. oe ee eo 4 | None 14 0 
Overestimated:____-.2___- 9 5. 9 32 20 
Underestimated_____.____-_- tS 5.8 54 20 


g. Crane Study. Since the greatest error in as- 
signing construction types was made in estimating 
the capacity of cranes housed in the B-type build- 
ings, a tabulated comparison (Table 12) of the 
crane capacity to occupancy, span and eave height 
of 14 buildings was prepared. 

h. Building Subdivisions. In most cases build- 
ings were subdivided correctly. No detailed study 
is necessary. 

i. Service Buildings. Several multistory build- 
ings among the production buildings were reported 
as storage; these were cloak rooms, mess halls, and 
office space. Story heights varied from 10 to 12 
feet. Second story was clear span, while the first- 
story spans were reduced by columns. 

j. Buildings Removed. One steel-frame struc- 
ture (Building 42, ig. 1-XV) was in the process 
of being removed to provide a working area be- 
tween the forge and foundry. Small combustible 
buildings were removed to reduce fire hazard ; these 


were all storage buildings. Wood block floors were | 


removed in several machine shops to prevent fire 
spread. 


TasBLe 12.-——-Crane capacity 


Bee a= = a & Occupancy 
a2 a\& 
o wm 

0 ae 60 | 75 | 56 | Assembly gun _ earriage 
and turrets. 

15 ewes 15, 10,5 | 40 | 88 | Foundry. 

DG steno s 15,10 | 48 | 28 | Machine shop (gun _ bar- 
rels). 

Rist ie eioes 15 | 57 | 32 Do. 

d and e___ 10,5 | 45 | 23 Do. 

| LF ee aie 10,5 | 40 | 38 | Scarfing shop. 

PAV Wee eet 10 | 47 | 88 | Machine shop. 

Sit) eee ees 10 | 45 | 36 | Assembly and machine 
shop. 

(et 10 | 33 |} 32 Do. 

geen ae 10,5 | 45 | 26 | Subtransport fabrication 
and assembly. 

eee 5 | 60 | 42 | Sheet metal shop. 

20a and c_ 5 | 40 | 88 | Machine shop. 

a, , aS Beat 5 | 35 | 34 Do. 

Bee. bo 5 | 42 | 30 Do. 

WO Osu 4) Att 26 Do. 

Deorsene Yee 3 | 57 | 30 Do. 

Spe ato 3 | 36 | 42 | Sheet metal shop. 


A study of this tabulation indicates that the visible characteristics of the 
buildings do not accurately indicate crane capacity. 


kh. Camouflage. No extensive camouflage was 
attempted at the plant. On the roof of Building 
20 (Fig. 1-XV) steel filings were spread in a dis- 
ruptive pattern for camouflage. Company officials 
stated that this expediency was caused by their in- 
ability to secure weather-resisting paint. 

6. Comments. It is the opinion of the team 
making this survey that neither specific recom- 
mendations can be made nor conclusions drawn 
from the study of this single target. Attention is 
invited, however, to the following : 

a. Ten days’ production loss occurred because of 
atomic-bomb damage in the area, although only 
negligible physical damage was inflicted on the 
plant. 

b. In the determination of vulnerability of 
buildings from aerial photographs, it is necessary 
to have complete knowledge of construction prac- 
tices in the country under study. It would seem 
advisable that such pertinent information be 
obtained for future use in an emergency. 


PART 5. EVALUATION OF MILITARY 
TARGET ANALYSIS é 


1. Hiroshima was primarily an Army headquar- 
ters and port of embarkation. Few industries of 


strategic importance or major airfields were lo- 
cated within the immediate area. Few photo- 
graphic reconnaissance missions were flown over 
the city, and little photographic interpretation 
was done. 

2. Airfields. Hiroshima airfield was located on 
reclaimed land at the southern end of Yoshijima. 
It was developed as a subsidiary base for small 
land and float planes used in connection with the 
army headquarters. The surface of the field and 
runways was hard-packed gravel; the service 
apron and float plane ramps were concrete sur- 
faced. Buildings were of frame construction of 
a relatively vulnerable type, and barracks, utility 
buildings and shops were of standard Japanese 
light, wood construction. 

a. CINCPAC-CINCPOA Bulletin No. 8-45, of 
15 January 1945, based on ground and prisoner-of- 
war intelligence and limited photo coverage, re- 
ported the field as “probably a secondary military 
airfield with adequate facilities, reported to have 
one asphalt-surface runway.” 

b. Interpron Two Photographic Interpretation 
Report No. 576 of 10 May 1945, based on complete 
photo coverage of this airfield area, reported the 
field substantially as it was found by the ground 
survey. 

3. Antiaircraft Defenses. At the time when the 
survey team arrived in the field. the Japanese had 
nearly completed the removal of weapons in ac- 
cordance with instructions from Supreme Allied 
Headquarters. Consequently, no accurate check 
could be made for comparative study. From spot 
checks of reported gun positions it appeared that 
the number of medium antiaircraft defenses had 
been overestimated, but that, in general, the loca- 
tions of batteries were nearly correct. In some 
instances, abandoned locations were reported as 
gun positions. The Assistant Chief of Staff, G2, 
of the Forty-first Division had made a complete 
check of all defenses in the Hiroshima area, but 
results were not available at the completion of the 
USSBS field survey. 

4. Army Headquarters and Army Provisioning. 
Hiroshima was the administrative headquarters of 
the Chugoku Military District, and a primary em- 
barkation point for the Japanese Army. The city 
had progressively become more important as a 
center of army activity beginning with the Sino- 
Japanese War, and as early as 1929 at least 28 per- 
cent of usable land area within the limits of 
Greater Hiroshima City had been taken over by 
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the military for administration, training, housing, 
arming, and provisioning of troops. Activity con- 
tinued to increase during World War II with the 
embarkation of troops for duty in the Central and 
South Pacific and later for the frenzied defense of 
the Marianas, Bonins and Ryukus. CINCPAC- 
CINCPOA Bulletin 8-45, reported the facts that 
the city was a primary port of embarkation for the 
Japanese Army and that extensive barracks and 
depot facilities were present. 

5. Harbor and Shipbuilding. Wiroshima har- 
bor facilities were used mostly for embarkation 
operations, supplying troops, fishing and inter- 
island transportation. No extensive dockage for 
large tonnage shipping could be easily provided 
because of the delta formation on which the city 
had been built. The military pier and municipal 
pier, both in Ujina, were suitable for extensive 
lighterage and small interisland boats, but not for 
the larger seagoing cargo and transport ships. 
Small shipyards at Ujina were equipped to con- 
struct the smaller craft. The Mitsubishi Ship- 
building Co. at the southerly end of Ebajima 
was equipped to fabricate and assemble larger 
ships, with three ways for accommodating ships of 
at least 3,000 tons. (One of these 3,000-ton ships 
was alongside the fitting-out pier at the time the 
field survey was made.) CINCPAC-CINCPOA 
Bulletin No. 8-45 in general correctly reported the 
facilities except for the Mitsubishi Shipbuilding 
Co. Maps of the area prepared later included cor- 
rected data based on complete photographic cover- 
age. 

6. Industry. Hiroshima had never been a 
highly industralized city; there were only three 
factories employing over 500 persons at the close 
of the war. No comprehensive preattack intel- 
ligence study of the area was found when prepar- 
ing this phase of the target evaluation, but com- 
posite sources including Army Map Service, Joint 
Target Group, CINCPAC-CINCPOA and Inter- 
pron ‘Two indicate that the principal industries 
were identified and the relative importance of in- 
dustrial targets reported with reasonable accuracy. 
PART 6. VALUE OF PHOTOGRAPHIC IN- 

TELLIGENCE TO GROUND SURVEYS 

1. It is generally recognized that ground photo- 
graphs are necessary to illustrate and verify data 
compiled by a unit conducting an on-the-ground 
survey of an area, and photographers are usually 
assigned to such a survey to satisfy this need. 
However, the potential usefulness of aerial recon- 


naissance photography which has been taken prior 
to the arrival of the field survey is not always 
recognized. The following suggestions, based on 
the experiences of the photographic interpreters 
of Physical Damage Team 1, are offered as a guide 
in planning future surveys, so that this source of 
information may be more thoroughly utilized. 

2. Uses of Photographic Intelligence by Physi- 
cal Damage Team 1. a. In Hiroshima there was 
frequent difficulty in establishing the cause of 
damage since a typhoon and floods had ravaged 
the city a few weeks following the atomic-bomb 
attack but before the survey team had arrived on 
the scene. Photographs taken in the interval be- 
tween the dates of the attack and the typhoon were 
often used to establish the cause of damage when 
reliable ground information was lacking. 

6. When, as often happened, interrogation 
brought out conflicting statements, photographs 
were used to help establish the validity of one or 
the other of the statements. 

ec. Photographs were used to determine routes 
of travel and for orientation in the field. 

d. Firebreaks in existence before the attack 
were plotted, and isolated areas of damage were 
located from aerial photographs. 

3. Use of Photographs in Facilitating Area 
Damage Assessment. It is often impossible or in- 
advisable for a ground survey to complete a de- 
tailed study of the entire damaged area. In such 
instances a comprehensive damage analysis done 
from good quality photographs by a competent 
interpreter will accurately indicate the extent and 
relative degree of damage. In order to establish 


the degree of damage in more detail, spot checks 
can be made throughout the area. 

4, Recommendations for Use of Photographic 
Intelligence. a. Preliminary to going into the 
field, the photographic interpreter accompanying 
the survey should be made familiar with its objec- 
tives and the expected procedures to be used in 
making the studies, so that he may provide the unit 
with all the necessary photographic aids and 
acquaint members of the unit with their use. 

6. The nature of the survey will dictate what 
particular items the interpreter should furnish, but 
the following minimum list should be applicable in 
almost any case. 

(1) An adequate supply of large-scale mosaics 
of the area from the latest and best available 
cover. These mosaics can be used for office work- 
sheets, indexing maps, and briefing charts. 

(2) An adequate supply of smaller-scale mosaics 
from the latest cover. These should be of such a 
size that they can be carried into the field as in- 
dividual orientation guides, maps, or worksheets. 

(3) Ifa grid system has been established before 
going into the field, this grid should be laid on a 
controlled mosaic, and other mosaics and photo- 
graphs referenced to it. 

(4) At least two sets each of the best quality 
pre-attack, the earliest post-attack, and all good 
quality post-attack cover. 

(5) All pertinent photographic intelligence 
documents on the area concerned. 

(6) All necessary personal interpretation equip- 
ment. 
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UNITED STATES STRATEGIC BOMBING SURVEY 
LIST OF REPORTS 


The following is a bibliography of reports resulting from 
the Survey’s studies of the European and Pacific wars. 
Those reports marked with an asterisk (*) may be pur- 
chased from the Superintendent of Documents at the 
Government Printing Office, Washington, D. C. 
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*2 
*3 
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European War 
OFFICE OF THE CHAIRMAN 


The United States Strategic Bombing Survey: Sum- 
mary Report (European War) . 

The United States Strategic Bombing Survey: Over- 
all Report (European War) 

The Effects of Strategic Bombing on the German 
War Economy 


AIRCRAFT DIVISION 


(By Division and Branch) 


Aircraft Division Industry Report _ 
Inspection Visits to Various Targets (Special Report) 


Airframes Branch 


Junkers Aireraft and Aero Engine Works, Dessau, 
Germany 
Erla Maschinenwerke Gm b H, Heiterblick, Ger- 
many 
A T G Maschinenbau, G m b H, Leipzig (Mockau), 
Germany 
Gothaer Waggonfabrik, A G, Gotha, Germany 
Focke Wulf Aircraft Plant, Bremen, Germany 
Over-all Report 
Messerschmitt A G, | Part A 
Augsburg, Germany) Part B 
Appendices I, II, III 
Dornier Works, Friedrichshafen & Munich, Germany 
Gerhard Fieseler Werke G m b H, Kassel, Germany 
Wiener Neustaedter Flugzeugwerke, Wiener Neu- 
stadt, Austria 


Aero Engines Branch 


Bussing NAG Flugmotorenwerke G m b H, Bruns- 
wick, Germany 

Mittel-Deutsche Motorenwerke G m b H, Taucha, 
Germany 

Bavarian Motor Works Ine, Eisenach & Durrerhof, 
Germany 

Bayerische Motorenwerke A G (BMW) Munich, 
Germany 

Henschel Flugmotorenwerke, Kassel, Germany 


Light Metal Branch 


Light Metals Industry {part I, Aluminum 
of Germany Part II, Magnesium 
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22 
23 


24 
25 


26 
27 


28 
29 
30 


*31 
32 


33 
34 
35 
36 
37 
38 
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Vereinigte Deutsche Metallwerke, Hildesheim, Ger- 
many 

Metallgussgesellschaft G m b H, Leipzig, Germany 

Aluminiumwerk Gm b H, Plant No. 2, Bitterfeld, 
Germany 

Gebrueder Giulini G m b H, Ludwigshafen, Germany 

Luftschiffbau Zeppelin G m b H, Friedrichshafen 
on Bodensee, Germany 

Wieland Werke A G, Ulm, Germany 

Rudolph Rautenbach Leichmetallgiessereien, Solin- 
gen, Germany 

Lippewerke Vereinigte Aluminiumwerke A G, Lunen, 
Germany 

Vereinigte Deutsche Metallwerke, 
Germany 

Duerener Metallwerke A G, Duren Wittenau-Berlin 
& Waren, Germany 


Heddernheim, 


AREA STUDIES DIVISION 


Area Studies Division Report 

A Detailed Study of the Effects of Area 
on Hamburg 

A Detailed Study of the Effects 
on Wuppertal 

A Detailed Study 
on Dusseldorf 

A Detailed Study 
on Solingen 

A Detailed Study 
on Remscheid 

A Detailed Study 
on Darmstadt 

A Detailed Study 
on Lubeck 

A Brief Study of the Effects of Area Bombing on 
Berlin, Augsburg, Bochum, Leipzig, Hagen, Dort- 
mund, Oberhausen, Schweinfurt, and Bremen 


Bombing 


of Area Bombing 


of the Effects of Area Bombing 


of the Effects of Area Bombing 


of the Effects of Area Bombing 


of the Effects of Area Bombing 


of the Effects of Area Bombing 


CIVILIAN DEFENSE DIVISION 


Civilian Defense Division—Final Report 

Cologne Field Report 

Bonn Field Report 

Hanover Field Report 

Hamburg Field Report—Vol I, Text; Vol II, Exhibits 
Bad Oldesloe Field Report 

Augsburg Field Report 

Reception Areas in Bavaria, Germany 


EQUIPMENT DIVISION 
Electrical Branch 
German Electrical Equipment Industry Report 
Brown Boveri et Cie, Mannheim Kafertal, Germany 
Optical and Precision Instrument Branch 


Optical and Precision Instrument Industry Report 


*51 
52 


Abrasives Branch 


The German Abrasive Industry 
Mayer and Schmidt, Offenbach on Main, Germany 


Anti-Friction Branch 
The German Anti-Friction Bearings Industry 


Machine Tools Branch 


Machine Tools & Machinery as Capital Equipment 
Machine Tool Industry in Germany 

Herman Kolb Co, Cologne, Germany 

Collet and Engelhard, Offenbach, Germany 

Naxos Union, Frankfort on Main, Germany 


MILITARY ANALYSIS DIVISION 


The Defeat of the German Air Force 

V-Weapons (Crossbow) Campaign 

Air Force Rate of Operation 

Weather Factors in Combat Bombardment Opera- 
tions in the European Theatre 

Bombing Accuracy, USAAF Heavy and Medium 
Bombers in the ETO 

Description of RAF Bombing. 

The Impact of the Allied Air Effort on German 
Logistics 

MORALE DIVISION 


The Effects of Strategic Bombing on German Morale 
(Vol I & Vol II) 


Medical Branch 


The Effect of Bombing on Health and Medical Care 
in Germany 


MUNITIONS DIVISION 
Heavy Industry Branch 


The Coking Industry Report on Germany 

Coking Plant Report No. 1, Sections A, B, C, & D 

Gutehoffnungshuette, Oberhausen, Germany 

Friedrich-Alfred Huette, Rheinhausen, Germany 

Neunkirchen HKisenwerke A G, Neunkirchen, Ger- 
many 

Reichswerke Hermann Goering A G, Hallendorf, 
Germany 

August Thyssen Huette A G, Hamborn, Germany 

Friedrich Krupp A G, Borbeck Plant, Essen, Ger- 
many 

Dortmund Hoerder Huettenverein, A G, Dortmund, 
Germany 

Hoesch A G, Dortmund, Germany 

Bochumer Verein fuer Gusstahlfabrikation A G, 
Bochum, Germany 


Motor Vehicles and Tanks Branch 


German Motor Vehicles Industry Report 

Tank Industry Report 

Daimler Benz A G, Unterturkheim, Germany 

Renault Motor Vehicles Plant, Billancourt, Paris 

Adam Opel, Russelsheim, Germany 

Daimler Benz-Gaggenau Works, Gaggenau, Germany 

Maschinenfabrik Augsburg-Nurnberg, Nurnberg, 
Germany 

Auto Union A G, Chemnitz and Zwickau, Germany 

Henschel & Sohn, Kassel, Germany 

Maybach Motor Works, Friedrichshafen, Germany 

Voigtlander, Maschinenfabrik A G, Plauen, Ger- 
many 

Volkswagenwerke, Fallersleben, Germany 

Bussing NAG, Brunswick, Germany 

Muehlenbau Industrie A G (Miag) Brunswick, Ger- 
many 

Friedrich Krupp Grusonwerke, Magdeburg, Germany 
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Submarine Branch 


German Submarine Industry Report 

Maschinenfabrik Augsburg-Nurnberg A G, Augs- 
burg, Germany 

Blohm and Voss Shipyards, Hamburg, Germany 

Deutschewerke A. G, Kiel, Germany 

Deutsche Schiff und Maschinenbau, Bremen, Ger- 
many 

Friedrich Krupp Germaniawerft, Kiel, Germany 

Howaldtswerke A G, Hamburg, Germany 

Submarine Assembly Shelter, Farge, Germany 

Bremer Vulkan, Vegesack, Germany 


Ordnance Branch 


Ordnance Industry Report 

Friedrich Krupp Grusonwerke A G, Magdeburg, 
Germany 

Bochumer Verein fuer Gusstahlfabrikation A G, 
Bochum, Germany 

Henschel & Sohn, Kassel, Germany 

Rheinmetall-Borsig, Dusseldorf, Germany 

Hermann Goering Werke, Braunschweig, Hallendorf, 
Germany 

Hannoverische Maschinenbau, Hanover, Germany 

Gusstahlfabrik Friedrich Krupp, Essen, Germany 


OIL DIVISION 


Oil Division, Final Report 

Oil Division, Final Report, Appendix 

Powder, Explosives, Special Rockets and Jet Pro- 
pellants, War Gases and Smoke Acid (Ministerial 
Report #1) 

Underground and Dispersal Plants in Greater Ger- 
many 

The German Oil Industry, Ministerial Report Team 


78 
Ministerial Report on Chemicals 


Oil Branch 


Ammoniakwerke Merseburg G m b H, Leuna, Ger- 
many—2 Appendices 

Braunkohle Benzin A G, Zeitz and Bohlen, Germany 
Wintershall A G, Leutzkendorf, Germany 

Ludwigshafen-Oppau Works of I G Farbenindustrie 
A G, Ludwigshafen, Germany 

Ruhroel Hydrogenation Plant, Bottrop-Boy, Ger- 
many, Vol I, Vol II 

Rhenania Ossag Mineraloelwerke A G, Harburg 
Refinery, Hamburg, Germany 

Rhenania Ossag Mineraloelwerke A G, Grasbrook 
Refinery, Hamburg, Germany 

Rhenania Ossag Mineraloelwerke A G, Wilhelmsburg 
Refinery, Hamburg, Germany 

Gewerkschaft Victor, Castrop-Rauxel, Germany, Vol 
I & Vol II 

Europaeische Tanklager und Transport A G, Ham- 
burg, Germany 

Ebano Asphalt Werke A G, Harburg Refinery, Ham- 
burg, Germany 

Meerbeck Rheinpreussen Synthetic Oil Plant—Vol I 
& Vol Il 


Rubber Branch 


Deutsche Dunlop Gummi Co., Hanau on Main, 
Germany 

Jontinental Gummiwerke, Hanover. Germany 

Huels Synthetic Rubber Plant 

Ministerial Report on German Rubber Industry 


Propellants Branch 


130 Elektrochemischewerke, Munich, Germany 

131 Schoenebeck Explosive Plant, Lignose Sprengstoff 
Werke G m b H, Bad Salzemen, Germany 

132 Plants of Dynamit A G, Vormal, Alfred Nobel & Co, 
Troisdorf, Clausthal, Drummel and Duneberg, 
Germany 

133 Deutsche Sprengchemie G m b H, Kraiburg, Ger- 
many 


OVER-ALL ECONOMIC EFFECTS DIVISION 


134 Over-all Economie Effects Division Report 


Gross National Product______- Special papers 
Kriegseilberichte___.....-_--- which together 
Hermann Goering Works-_----_- comprise the 
Food and Agriculture--__-_-___-- above report 


134a Industrial Sales Output and Productivity 


PHYSICAL DAMAGE DIVISION 


134b Physical Damage Division Report (ETO) 

135 Villacoublay Airdrome, Paris, France 

136 Railroad Repair Yards, Malines, Belgium 

137 Railroad Repair Yards, Louvain, Belgium 

138 Railroad Repair Yards, Hasselt, Belgium 

139 Railroad Repair Yards, Namur, Belgium 

140 Submarine Pens, Brest, France 

141 Powder Plant, Angouleme, France 

142 Powder Plant, Bergerac, France 

143 Coking Plants, Montigny & Liege, Belgium 

144 Fort St. Blaise Verdun Group, Metz, France 

145 Gnome et Rhone, Limoges, France 

146 Michelin Tire Factory, Clermont-Ferrand, France 

147 Gnome et Rhone Aero Engine Factory, Le Mans, 
France 

148 Kugelfischer Bearing Ball Plant, Ebelsbach, Ger- 
many 

149 Louis Breguet Aircraft Plant, Toulouse, France 

150 §S. N.C. A.S. E. Aircraft Plant, Toulouse, France 

151 A.J. A. Aircraft Plant, Toulouse, France 

152 V-Weapons in London 

153. City Area of Krefeld 

154 Public Air Raid Shelters in Germany 

155 Goldenberg Thermal Electric Power Station, Knap- 
sack, Germany . 

156 Brauweiler Transformer & Switching Station, Brau- 
weiler, Germany 

157 Storage Depot, Nahbollenbach, Germany 

158 Railway and Road Bridge, Bad Munster, Germany 

159 Railway Bridge, Eller, Germany 

160 Gustloff-Werke Weimar, Weimar, Germany 

161 Henschell & Sohn Gm b H, Kassel, Germany 

162 Area Survey at Pirmasens, Germany 

163 Hanomag, Hanover, Germany 

164 MAN Werke Augsburg, Augsburg, Germany 

165 Friedrich Krupp A G, Essen, Germany 

166 Erla Maschinenwerke, G m b H, Heiterblick, Ger- 


man 

ic A T & Maatinentae G mb H, Mockau, Germany 

168 Erla Maschinenwerke G m b H, Mockau, Germany 

169 Bayerische Motorenwerke, Durrerhof, Germany 

170 Mittel-Deutsche Motorenwerke G m b H, Taucha, 
Germany 

171 Submarine Pens Deutsche-Werft, Hamburg, Ger- 


many 

172 Multi-Storied Structures, Hamburg, Germany 
173 Continental Gummiwerke, Hanover, Germany 
174 Kassel Marshalling Yards, Kassel, Germany 

175 Ammoniawerke, Merseburg, Leuna, Germany 
176 Brown Boveri et Cie, Mannheim, Kafertal, Germany 
177 Adam Opel A G, Russelsheim, Germany 

178 Daimler-Benz A G, Unterturkheim, Germany 
179 Valentin Submarine Assembly, Farge, Germany 
180 Volkswaggonwerke, Fallersleben, Germany 

181 Railway Viaduct at Bielefeld, Germany 

182 Ship Yards Howaldtswerke, Hamburg, Germany 
183 Blohm and Voss Shipyards, Hamburg, Germany 
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Daimler-Benz A G, Mannheim, Germany 

Synthetic Oil Plant, Meerbeck-Hamburg, Germany 

Gewerkschaft Victor, Castrop-Rauxel, Germany 

Klockner Humboldt Deutz, Ulm, Germany 

Ruhroel Hydrogenation Plant, Bottrop-Boy Ger- 
many 

Neukirchen Eisenwerke A G, Neukirchen, Germany 

Railway Viaduct at Altenbecken, Germany 

Railway Viaduct at Arnsburg, Germany 

Deurag-Nerag Refineries, Misburg, Germany 
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Kyushu Hikoki KK) 
(Airframes) 
Shoda Engineering Company 
Corporation Report No. X VI 
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